THE HEAVENS, 


STAR-CLUSTERS. 


1. In the Balance. 2 In Hercules. 3. In Capricorn. 4. In Aquarius. 5, In the Serpent. 
6. InGemini. (Sir J, Herschel.) 





42ne stignt of 4rTansiation 18 reserved. 


THE HEHAVENS 


An Sllustrates Handbook 


OF 


POPULAR ASTRONOMY 


AMEDEE GUILLEMIN. 
EDITED BY J. NORMAN LOCKYER, F.R.AS. F.BS., 


REVISED BY RICHARD A. PROCTOR, B.A. F.R.AS. 


An entirely New and Revised Edition (being the Sixth). 





LONDON: 


RICHARD BENTLEY & SON, 
PUBLISHERS IN ORDINARY TO HER MAJESTY. 


were I. 
4 , 
The Right of Translation is reserved. 


LON DON : 
PRIWTEDO Br Jou STRaANwGoEwars, 
Castile St. Leicoster Sa, 


PREFACE TO THE FIRST EDITION. 


I am among those who believe, that the natural and physical 
sciences possess in themselves attraction sufficient to render any 
ornaments superfluous. This conviction has been my only guide 
in the conception and writing of this book, which is not, indeed, 
a scientific one, but a faithful picture of the phenomena offered by 
the Heavens to man’s intelligent admiration. 

My plan was, therefore, ready to my hand, and I had but to 
follow Nature, as now revealed to us by Astronomy, in all her 
majestic simplicity. All my efforts have had for their object to 
represent her in all her details as a whole. 

I write for those who, though interosted in science, have neither 
the time nor the wish to become professional astronomers: in a 
word, for youth and unscientific ‘children of larger growth.’ It 
has been my wish, that Tux I[zavixs should be read with some- 
thing of the charm of a romance, or, at least, with that so powerful 
intcrest which belongs to travellers’ tales of unknown lands. For, 
after all, is not the mind of a traveller, when, it follows Science 
through the far-off regions of the ethereal sky, journeying on from. 
stage to stage, that is, from Sun to Sun, to the very confines of 
the visible Universe? In our narrative of this journey through 
the infinite, the reader, it is true, will find no sudden turns of 
fortune, no unexpected accident to make the heart beat quicker at: 
the thought of the sufferings of one of our fellow-men: but, on 
the other hand, it will be given him to contemplate the most 
sublime of all pictures—the majesty of tremendous phenomena, 
the unalterable and eternal harmony of the laws of Nature. 

What a vast field, moreover, what a magnificent horizon is 
presented by the Heavens to the most active of human faculties, to 
the imagination! When our sight, aided by the most powerful 
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instruments, dives into the depths of space, and finds, instead of 
feebly strung points of light, worlds like our own, some smaller, 
some larger than it, a thousand questions rise to our lips. We 
find ourselves involuntarily making in thought a hundred travels, 
more interesting, more strange, more marvellous than those the 
scene of which lies on our own planet. 

Basing our work on the facts already acquired, we set our- 
selves to build up our neighbouring worlds; the configuration of 
their continents and seas, the rivers which water them, their 
mountains, which are the very skeletons of worlds, the living in- 
habitants, animal and vegetable, which people them, all present 
themselves before us in the most various forms. Forced by an 
irresistible instinct to people these worlds with free and intelligent 
beings, we help them at their work, in their wars; we ask if they, 
like us, have a history and traditions; then, the thought that 
our humanity is but one individual state of being among those, 
which on all the worlds throughout boundless space work out 
their destiny, comes to console us; we are no longer alone to seek 
after truth, and the realization of justice and goodness. 

These, doubtless, are questions concerning which Astronomy 
brings no message to us, and which will long, possibly always, 
continue in the domain of conjecture. Therefore, we have not 
dwelt upon them in this book, leaving the reader to solve them as 
his imagination may lead him. But the coldest mind, the mind 
least accessible to the suggestions of fancy, cannot entirely banish 
them. In spite of itself, there comes a moment, an hour of reverie, 
when it too propounds the same problems; and truly we cannot 
wish it otherwise. Does it not afford one proof the more of the 
truth of what day by day becomes more evident, that science 
borders on poetry ? 

In order to make Astronomy accessible to all, it was necessary 
to banish from the work the mathematical portion of the science, 
which forms the essential element in the special treatises on the 
subject. But, on the other hand, the most interesting details 
relative to the constitution of the worlds which people space, the 
most recent observations made by the magnificent instruments now 
erected in the Observatories of Europe and America occupy a 
large place in this physical description of the Universe. 
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One word on the sources whence I have selected materials for 
the book. 

I wished to place this attempt to popularize science on a level 
with the most recent and most authentic discoveries. I therefore 
addressed myself directly to the most illustrious astronomers, both 
in the Old and New Worlds. All of them have liberally lent me 
the aid of their knowledge ; original memoirs, photographs have 
been forwarded to me from the various scientific centres, with a 
generosity for which I must here publicly express my extreme 
gratitude. Nor have I lacked encouragement and advice. The 
venerable patriarch of contemporary astronomers, Sir John Hers- 
chel, Admiral Smyth, Mr. Warren De La Rue, and Mr. Lassell 
in England; the illustrious Director of the Observatory of 
Poulkowa, M. Otto Struve, in Russia; M. Littrow, in Germany ; 
and Professor G. P. Bond, in America, are, among foreign 
astronomers, those to whom my best thanks are due for their 
generous aid. 

In France, M. Leverrier at once placed the library of the 
Imperial Observatory at my disposal, and gave me permission to 
make from nature the drawings of the most important instruments 
in this magnificent establishment. MM. Laussedat, Chacornac, 
and Goldschmidt, have aided me by their advice, and have com- 
municated to me their observations. 

Nor is this all. I have largely placed under contribution all 
the ancient and modern publications on Astronomy, the interesting 
works of Schréter, Laplace, Beer and Midler, the two Struves : 
Harding’s Celestial Atlas, and that constructed by the illustrious 
astronomer of Bonn, Argelander; the special periodical so full of 
facts, the Astronomische Nachrichten of Altona, the Memoirs and 
Monthly Notices of the Royal Astronomical Society of London ; 
the works of Airy, Hind, Lord Rosse, and Sir Thomas Maclear ; 
the publications of the Academy of Sciences of St. Petersburg, 
Humboldt’s Cosmos, Arago’s admirable Astronomy ; and, finally, 
all the precious communications to be found in the Comptes Rendus 
of the French Academy of Sciences, in which the names of such 
Frenchmen as Arago, Biot, Babinet, Faye, and Delaunay, are found 
associated with those of all the sarais, members of this great 
republic of science, who belong to other countries. 
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Such have been my fellow-labourers in the preparation of this 
book. It will be easily understood that it was not a question 
of gathering at hazard from the immense collection of ancient 
and modern works, which form the archives of Astronomy: it 
was necessary that I should choose the most incontested facts, the 
most recent and most authentic observations; that I should dis- 
cuss and compare the numbers, which in Astronomy have such 
mteresting meanings; that I should often go over calculations 
which lead to them myself: in one word, that I should show to 
the public, for whom the book has been written, and who have 
not always the means of verifying an Author’s statements, with 
what respect for the truth, and with what conscientious care, I 
have acquitted myself of a work so attractive to me. 

It rests with the reader now, to say, whether I have known 
how to profit by these materials, and whcthcr, like a painter before 
a beautiful landscape, I have been able to portray beauties of the 
grandest of all scenes, that of the infinite variety of the stars 
moving in concert through boundless space. 


The Editor's Additions and Notes are enclosed in brackets [ ]. 
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THE HEAVENS. 


HAT are the Heavens? Where the shores of that limitless 
\ \ ocean; where the bottom of that unfathomable abyss ? 
What are those brilliant points—those innumerable stars, 
which, never dim, shine out unceasingly from the dark profound? Are 
they sown broadcast—orderless, with no other bond save that which 
perspective lends to them? Or, if not immovable, as we have so long 
imagined, if not golden nails fixed to a crystal vault, whither are they 
bound? And, finally, what are the parts assigned to the Sun, our Earth, 
and all the Earths attendant on the glorious orb of day, in this tremendous 
concert of celestial spheres,—this sublime harmony of the Universe ? 

These are magnificent problems, of which the most fertile imagination 
would have in vain attempted the solution, if. for the greater glory of the 
human mind, Astronomy, first-born of the Sciences,——had not at length 
come to our aid. 

How wonderful is the power of man! Chained doin to the surface of 
the Earth, an intelligent atom on a grain of sand lost in the immensity of 
space, he invents instruments which multiply a thousandfold his vision, he 
sounds the depths of the ether, guages the visible universe, and counts the 
myriads of stars which people it; next, studying their most complicated 
movements, he measures exactly their dimensions and the distances of the 
nearest of them from the Earth, and next deduces their masses, then, dis- 
covering in the seeming disorder of the stellar groupings real bonds of 
union, he at last evolves order from apparent confusion. 

Nor is this all. Rising by a supreme flight of thought to the most 
abstract speculations, he discovers the laws which regulate all celestial 
movements, and defines the nature of the universal force which sustains 
the worlds. 

Such are the fruits of the unceasing ‘labours of twenty generations of 
Astronomers. Such the result of the genius and of the patient perse- 
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verance of men who have devoted themselves for two thonsand years to 
the study of the phenomena of the Heavens. The Chaldean shepherds 
were, they say, the first astronomers. We can well believe it. Dwelling 
in the midst of vast plains, where the mildness of the seasons permitted 
them to pass the night in the open air, where the clear sky unfolded 
before them perpetually the most glorious scenes, they ought to have been, 
and they were, contemplative astronomers. And all of us would be what 
they were, did not the rigour of our climate and our variable atmosphere 
so often prevent us observing the Heavens; and did not, moreover, the 
turmoil and cares of civilised life deprive us of the necessary leisure. 

Nothing is more fitted to elevate the mind towards the infinite than 
the thoughtful contemplation of the starry vault in the silent calm of night. 
A thousand fires sparkle in all parts of the sombre azure of the sky. 
Varied in colour and brilliancy, some shine with a vivid light, perpetually 
changing and twinkling ; others, again, with a more constant one—more 
tranquil and soft; while very many only send us their rays intermittently, 
as if they could scarce pierce the profundity of space. 

To enjoy this spectacle in all its magnificence, a night must be chosen 
when the atmosphere is perfectly pure and transparent—one neither illu- 
minated by the Moon, nor by the glimmer of twilight or of dawn. The 
Heavens then resemble an immense sea, the broad expanse of which glitters 
with gold dust or diamunds. 

In presence of such splendour, the senses, mind, and imagination, 
are alike enthralled. ‘The impression gathered is an emotion at once 
profound and religious, an indefinable mixture of admiration, and of 
calm and tender melancholy. It seems as if these distant worlds, in 
shining earthwards, put ee in close communication with our 
thoughts. 

But Sentiment has but one part in this emotion, and soon Intelligence 
asserts her sway. It asks how these myriads of stars, scattered here and 
there, can reveal to those who have studied them the structure of the 
universe: by what method they have succeeded in distinguishing them, in 
calculating their distances, and determining their movements. Further on, 
we shall attemnpt to give an idea of the manner in which these interesting 
problems have been solved; at present, and before entering into a more 
detailed description, we shall endeavour to sketch with a free hand the 
panorama of the Universe. 


On a first glance at the starry firmament the stars seem pretty regu- 
larly distributed; nevertheless, look at that whitish, undecided, vapoury 
glimmer which girdles the heavens as with a belt. It is the Milky Way.* 
As we approach the borders of this star-cloud in our inspection, the stars 


* Via Lactea. It is also called the Galaxy, from a the Greek word for 
the same thing. 
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appear more and more crowded together, and most of them so small that 
the eye can scarcely distinguish them. The accumulation of stars in the 
direction of the Milky Way is more egpecially visible when we examine 
the heavens with the aid of a powerful telescope. 

The Milky Way itself is nothing more than an immensely extended 
zone of stars, that is, of suns; since, as we know, and as we shall explain 
in the sequel, each star, from the most brilliant to the faintest, is a sun. 

Here, then, is an immense group, a gigantic assemblage of worlds, 
which seems to embrace all the Universe, if it be true that the greater 
number of scattered stars situated out of the Milky Way, nevertheless 
form part of it. In reality, this multitude of millions of suns is divided 
into numerous and distinct groups, and those into others still more 
restricted in number, each composed of two or three suns. 

What breadth of space.does each of these groups occupy ? What is 
the measure of the sjace which holds them all? The most powerful 
imagination in vain attempts to answer these questions intelligibly ; here 
numbers fail us. 

Let us add—without comment in this place, as we shall return to it, 
—a fact well proved, and one which will seem strange to many ;—our 
Sun himself is a star of the Milky Way. 


The foregoing, however, is but a first sketch of the structure of the 
visible Universe. 

In examining attentively every part of the starry vault, a keen eye 
perceives here and there whitish spots resembling little clouds. One 
would say they were so many patches detached from the Milky Way, 
from which, however, they are often very distinct and very distant. The 
telescope discovers by thousands these. cloud-patches, or—to give them 
their astronomical name—these Nebulce. 

[It was formerly imagined, that each of these star-clouds was nothing 
less than an aggregation of stars very close together, and very numerous— 
so many Milky Ways lying outside our own, and for the most part so 
distant that the most powerful instruments were able only to distinguish 
a confused glimmering. One of the most important observations of 
modern times, however, has shown that many of these nebule, including 
the most glorious one in our northern hemisphere,—that in the sword- 
handle of Orion,—are but masses of glowing gases. 

Others, again, of these cloud-like masses—cloud-like by reason of 
their distance,—show us, faintly shining on a background apparently 
nebulous, brilliant stars, larger no doubt, or more brilliant, than their fel- 
lows; and some of these objects, called ‘ Star-clusters,’ which are nearest 
us are among the most glorious objects revealed to us by our telescopes. | 

Let us attempt now to conceive what fearful distances separate these 
archipelagos of worlds from our own! 

Unfathomable abysses whose unspeakable depths the most powerful 
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telescopes increase indefinitely! Profounds, endless, bottomless, but lit up 
by millions of suns! 

Such appears to us the Universe from the natural observatory where 
we are placed. But to obtain a more complete idea of its constitution, of 
the infinite variety of its members, we must descend from these regions, 
where the sight and mind are lost, to a group, nearer to us, and therefore 
more accessible to the investigations of man,—to that group, or system, of 
which the Earth forms part. Of this the Sun is the centre. 

Round this focus of light and heat, but at various distances, revolve 
more than a hundred secondary bodies,—Planets, some of which are ac- 
companied by smaller ones—Satellites. Not self-luminous, they would 
be invisible to us, if the light, which they receive from the Sun, were not 
reflected towards the Earth, making them also appear as luminous points 
spread over the celestial vault like so many stars. Such would be 
the appearance of the Earth seen in space, at a distance sufficiently great. 

A common character distinguishes all the celestial bodies that form 
part of this group—the Sotar System—from the multitude of other 
stars. For while the Suns, composing what is called the Srpereau 
UnIvVErsE, are situated at distances seemingly infinite, the bodies com- 
posing the group of which we speak are relatively much nearer the Earth, 
—are, in fact, our neighbours. 

What results from this double fact? Two very simple consequences, 
easily understvod. 

The first is, that the stars do not undergo any sensible change of 
position in the starry vault. Their distance is such, that they appear 
actually at rest in the depths of space; hence the term Fixed Stars,— 
now abandoned, because a minute and elaborate study of their relative 
positions has established the fact that the stars really do move in the 
remote regions of the heavens. The apparent immobility of which 
we have spoken. and which is one of their characteristics, is evidenced 
by the uniformity of appearance preserved for centuries by the arti- 
ficial groups of stars, to which the name cf Constellations has been given. - 

Now, it is otherwise with the bodies that revolve round our Sun; 
they are near enough to the earth to allow of their displacements in space 
being perceived in short intervals of time. Traversing, by virtue of their 
proper motions along the starry vault, distances which appear greater as 
their own distance from us is less, these bodies received at the outset the 
name they have since retained— Planets, or Wandering Stars. 

It is thus, that, when we stand in the middle of an extensive plain, we 
judge distant objects—those that border the horizon—to be immovable ; 
whilst we instantly perceive the slightest change of place in the near ones. 
It is true that when we ourselves move, the real movements become com- 
_ plicated with the appareni movements, but the former must be distinguished, 
if we wish to have an exact idea of the actual course travelled. This 
complication of the apparent movements of the planets,—a necessary 
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consequence of the movement of the Earth,—is one of the most striking 
testimonies to the reality of the latter: but it must be also added, that 
this was precisely the stumbling-block of ancient astronomy until the 
time — and that not long ago— when the real movements were made 
known. _ 

It will soon be seen, in the detailed description of each of the planets 
of the solar system, what wonderful variety reigns within its limits. 
Movements of rotation, movements of revolution around the common 
centre, the duration of these movements, distances, forms and dimensions, 
distribution of light and heat, all change in passing from one planet to 
another. And yet, marvellous thing, the same laws govern all, in such a 
way, that the unity of plan is not less marked than the astonishing variety 
of the phenomena. 

One circumstance common to all the bodies of the solar system forcibly 
strikes the imagination. It is, that these enormous masses,—these globes, 
many of which are much heavier than the Earth, and lastly, the Earth 
itself, not only are suspended in space, but move through the ether with 
velocities truly stupendous. 

Imagine yourself a spectator, standing immovable in space. A 
luminous body appears in the distance, little by little you see it approach 
and increase in size; its immense circumference, which exceeds a hundred 
thousand leagues, is in rapid rotation, which makes each point on its 
periphery travel through nine miles a second. The globe itself at last 
passes before you, carried through space with a velocity twenty-four times 
greater than that of acannon ball. In such a way Jupiter would appear 
to you travelling in its orbit. This headlong course would banish it for 
ever, to the most remote regions of the visible universe, if it were not sub- 
dued and held by the powerful attraction of a globe a thousand times 
larger than its own—by the Sun himself. Not only does Astronomy 
show, by undeniable prvofs, the reality of these marvellous movements,— 
not only has she arrived at the knowledge of their invariable constancy, at 
least during thousands of centuries; but she has found in their very 
rapidity the cause of the stability of all the celestial bodies. 

If there is difficulty in imagining such masses freely circulating in 
the ether, how much more are we impressed, when we consider that 
these rapid movements are not confined to the planets; and when we 
look upon the Sun with all its retinue, as moving in an orbit yet 
unknown, himself attracted no doubt by a more powerful Sun, or by 
a group of Suns! All the stars which by reason of their infinite distances 
appear immovable, move in different directions: and we shall see later, 
that if these movements are performed with extreme slowness, the slowness 
ig apparent only. In reality, these are among the most rapid celestial 
movements that we know of. 

Thousands of centuries will be necessary before these immense sidereal 
voyages are accomplished. Their vast periods are to the length of our 
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year what the dimensions of the Earth are to the distances of the stars ; 
and, according to the happy expression of Humboldt, they make of the 
Universe an eternal timekeeper. Thus, in the contemplation of celestial 
phenomena, the idea of infinite duration impresses itself on the mind with 
the same irresistible power as the idea of the infinity of space. 

Such is briefly the magnificent field explored by Astronomy. 

Other natural and physical sciences teach us to study nature in 
its more intimate mysteries ; they unveil to us the molecular constitution 
of bodies; the play of their combinations and metamorphoses; their 
thousand useful and curious properties; the development of organized 
living beings, both vegetable and animal, and even of man himself, one of 
whose noblest attributes seems to be the gift of knowing, and who appears 
by the light of science as the most perfect creation of the organizing 
forces. 

But it is Astronomy that reveals to us the Universe in its majestic 
whole; it is she who has made us comprehend its structure, and after 
having gathered its thousand various elements into a gorgeous picture, 
has initiated us into the eternal laws that govern the Heavens. 


PART THE FIRST. 


THE SOLAR SYSTEM. 


The Bodies which form the Solar System —Direction of movements of Rotation and 
Revolution —Inclinations of the Planes of the Orbits of the different Planets. - 


Tue group or system of celestial bodies, of which the Earth forms part,— 
a system known in Astronomy under the name of the Solar or Planetary 
System, is composed, according to our present knowledge, of a hundred 
and eighty-eight bodies, which may be classed in the following manner ; 
taking into account at the same time, both the part which they play in 
the system, and the order of their distances from the sun :— 

1. A central body, relatively immovable in the group; much larger 
than all the others, and self-luminous, THE Sun; 

2. One hundred and fifty-four secondary bodies, or planets, situated 
at increasing distances from the Sun: revolving round him in orbits 
nearly circular; and receiving from him the light which renders them 
visible to us. The planets may again be divided into three principal 
groups : 

The smaller planets, those nearest to the central body, are, in the 
order of their increasing distances from the Sun: Menouny, 
Venus, THE Eantu, Mars; 

The larger planets, those most remote from the central body ;° J urirzn, 
Saturn, Uranus, Neprcne; 

Lastly, the minor planets, or Asteroids, forming between Mars and 
Jupiter a ring, which separates the two first groups ; 

One hundred and forty-six small planets are now known, but there 
are, no doubt, many more ; 

3. Lighteen tertiary bodiee, or Satellites, revolving round some of 
the principal planets ; such as the Moon, which accompanies the Earth. 
Jupiter has four euch satellites; Saturn, eight; Uranus, four; Neptune, 
one. 

4. Fifteen Comets, the periodical returns of which have been proved 
by observation, revolving round the Sun in very elongated orbits. 

Independently of the bodies which we have just enumerated, more 
than two hundred other comets are known, some of which travel round 
the Sun in orbits so elongated, and in times so vast, that their return has 
not yet been proved by observation, although it has been approximately 
calculated. Others describe curves which may be called infinite, and 
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after having once approached our group, have abandoned it perhaps for 
ever. A year never passes without new comets being discovered. 

We must here also mention a nebulous ring of a lenticular form, the 
Zodiacal Light, which surrounds the Sun at a certain distance, and the 
position of which in the system is not yet clearly determined : and, besides 
this, hundreds of rings composed of multitudes of small bodies, revealed 
to us by the appearance and fall of Meteorites, Meteors, and Falling or 
Shooting Stars. 


The Sun, the planets and their satellites, all assume a spherical form, 
sometimes flattened at the extremities of one diameter. In the more im- 
portant of these bodies, movements of rotation have been detected; these 
movements all take place in the same direction as that of the Earth. 
Astronomers, by an analogy based on the laws of mechanics, extend this 
movement of rotation to all the bodies which have hitherto baffled our 
scrutiny in this particular. A second movement, which we call one of 
revolution or of translation, impels all the planets round the Sun, and all 
the satellites round their respective planets, in times which vary with the 
dimensions of the orbits described, by virtue of a remarkable law, the dis- 
covery of which we owe to the genius of Keplcr.* 

The direction of the movement of revolution is the same for all the 
bodies of the solar system,} and this direction is precisely that of all the 
movements of rotation. In order that the reader may grasp this im- 
portant point, let him turn to Plate I., which represents the orbits of all 
the known planets.{ The arrow in each case indicates the direction of 
the planet’s revolution round the Sun. Now let us suppose an observer, 
placed in the centre of the diagram in such a way that his feet resting on 
the plane of the paper, hig head will be in the northern hemisphere of the 
heavens. - Jn this position it is easy to see that the movement indicated by 
the arrow will take place from the right to the left of the observer. Such 
is the direction of the movements of revolution of planetary bodies. 

Let us now compare this movement to the movement of rotation of the 
Earth on its axis. The centre of our planet is situated on the plane; the 
north pole is above it, and the south below it, in such a manner, that the 
terrestrial rotation which takes place—as proved by the daily movement 
of the heavens—from west to east, is also to the observer a movement from 


* The law which defines the movement of all celestial Lodies is referred to in 
Part IL]. Book i. 

+ We must except, however, the satellites of Uranus, one of the comets of short 
period, and a great number of other comets. 

¢ In this Plate the orbits of the planets have been represented by the circum: 
ferences of circles, although in reality they are of an elliptical or oval form. Nor 
is the Sun, as represented in the figure, exactly in the centre of each orbit. 
The illustration represents the dimensions of the orbits in their true proportion, 
with the exception of the orbits of the satellites, the dimensions of which have 
been necessarily enlarged. The positions of the planets are those which these bodies 
actually occupied in space on the Ist of January, 18U5. 


THE SOLAR SYSTEM. +] 


the right towards the left. Ifthe name of north pole is given to that pole 
of each of the other planets which is situated above the plane of which we 
speak, observation shows that it is always from right to left, or from west 
to east, that these planets describe both their movements of rotation, and 
their movements of translation, round the Sun. 

It is very evident, that if we had supposed the observer standing on 
the other side of the paper, with his head towards the south pole of the 
heavens, all the movements would have seemed inverted ; that is to say, 
would take place from left to right, although they would still remain the 
same, from the point of view which we occupy. So let us remember, 
once for all, this fundamental fact of solar astronomy, that the movements, 
both of rotation and of revolution, of the planets and their satellites, are 
effected all in the same direction, that is, from right to left or from west to 
east. 

The ideal curves described by the various planets around the Sun, 
considered at rest, are plain curves, or at least nearly so. This is nearly 
the same as saying, that the centre of each planetary globe in its move- 
ment around the central body, remains always in the same place. This 
plane, if prolonged, passes through the centre of the Sun. But the planes 
of those orbits do not coincide with one another, they are differently 
inclined to that of the Earth taken as a standard of comparison ; from this 
it results, that each planet describes half its orbit above the plane of the 
terrestrial orbit, or, as it is called, the plane of the ecliptic, and the other 
half below it. 

The inclinations, represented in their true proportions in fig. 2 of the 
Plate we have mentioned, are, moreover, very small; and it follows that, 
as seen from the Earth, the principal planets revolve in a narrow zone of 
the celestial vault; this has received the name of the Zodiac. 

The Solar System seen in section, or in profile so to speak, would 
appear therefore, to an observer situated at a great distance beyond its 
limits (but near its mean plane) as a group of elongated form, having in 
its centre a luminous point, the Sun, and on both sides of it a multitude 
of small stars of unequal brightness—the planets and their satellites, 
oscillating backwards and forwards in paths nearly rectilinear. 

After having sketched that entire group of celestial bodies, which 
interests us the most, seeing that our globe is one of its constituent 
molecules, we will now describe the members of the group one by one, 
study their movements, and, by the aid of facts furnished by the perse- 
vering observations of modern astronomers, examine them, when possible, 
in their most minute detail. 

We will begin with the Sun. 
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THE SUN. 


Or all the stars which people the immensity of space, the Sun is the most 
interesting to us the inhabitants of the Earth. 

It is at once the largest (at least in appearance) the most brilliant, 
and that which exercises over our globe the most dominant influence. 

The centre of the movements of all the celestial bodies of the system, 
of all those which are in fact our neighbours, he is to them and to us the 
inexhaustible source of light, heat, and life. It is from him that all the 
energies, developed on the surface of the Earth or on the other planets,— 
energies manifested under so many various forms—incessantly flow with- 
out ever draining their source. 

[And yet all the action on this our Earth is carried on by the two 
thousand three hundred millionth part of the force radiated by the Sun ; 
for that is all the’ Earth can grasp, as it were, of his rays given out in all 
directions, and it is by this fraction of his mighty power that all the 
Earth’s work is done. | 

Lastly, the Sun would seem to be the common father of the whole 
family of bodies that gravitate round him, and which he holds in hand 
by his powerful attraction. It is from him that at epochs immensely 
distant from ours, have been thrown out successively, at first under the 
form of nebulous rings, those agglomerations of matter which have 
become in the end, by a natural concentration, nearly spherical globes ; 
Jupiter, Saturn, Mars, the Earth, Venus, ara so many children of the 
Sun. The part played by the Sun in the group, of which he is the centre, 
we have already stated. Farther on, we shall see how he figures in the 
Sidereal Universe ; and we shall find him midst the millions of stars which 
form the Milky Way. 

Our present object is to study his individuality, to measure his 
apparent and real dimensions, to study the physics of his surface, and his 
movement of rotation, and to deduce from all the facts gathered by the 
most able and distinguished observers, the structure of this tremendous 
star, and the most probable conjectures as to its physical constitution. 


THE SUN. 11 


I. 


Form and apparent Size of the Sun—lIts Distance from the Earth, and real Size— 
Its Surface, Volume, Mass, and Weight. 


As every one knows, the naked eye cannot bear the brightness of the 
Sun. Nor can this be wondered at, if we remember that the intensity of 
its light as seen from the Earth is eight hundred thousand times greater 
than that of the full Moon, or twenty-two thousand million times that of 
the most brilliant star.* To obtain, therefore, a clear idea of its form, we 
must take advantage of opportunities when clouds, or, better still, dense 
fogs, interpose themselves between the eye and its radiant body. The 
use of telescopes would be still more dangerous than that of the unaided 
sicht, if observers did not take the precaution to use dark or coloured 
glasses to shield the eye, inasmuch as lenses and reflectors concentrate 
to their foci a considerable quantity of light- and heat-rays. The eye 
would be dazzled, or even utterly destroyed, without this indispensable 
precaution. 

A first rough glance shows us that the disk of the Sun is circular. 
But the use of accurate instruments leaves not the least doubt in this 
respect, and numerous micrometric { measurements have proved, that all 
the diameters of the disk are exactly equal. The Sun has then the 
appearance of a perfect luminous circle, and as it is not less certain that it 
turns on an axis, and therefore successively presents different faces to us, 
we can only conclude that its form is in reality that of a perfect sphere 
without any trace of irregularity or flattening. 

In the morning when the Sun rises, or in the evening a little time 
before its setting, if the atmosphere be rather misty, the solar disk may 
often be observed by the naked eye: it then appears to be larger than 


* [There is, however, to judge from the different results obtained by different 
physicists, sume uncertainty attaching to these numbers. The comparative bright- 
ness of the Sun to Vega in Lyra, a> given by different observers, is as follows :— 

Wollaston =. 180,000,000,000 
Bond. . . 24,000,000,000 to 1 
Clark. . . 10,400,000,000 


The absolute amount of light emitted by the Sun is another matter; he would 
really appear less bright than « Centauri, if we could see both at the same distance. 
The intrinsic light of the Sun, or the amount emitted by a unit of area of his surface, 
is yet another matter. It has been supposed that « Centauri is intrinsically brighter 
than the Sun; but as we do not know the real dimensions of this star, we can form 
no certain opinion on the point. 

+ In our Chapter on Astronomical Instruments in Part IIT, we shall describe 
the ves methods of solar observation by which these objections are avoided. 

t That is to say, made with micrometers—instruments which serve to measure 
very small objects and small angles, of which more anon in Part III. 
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usual, and its contour differs sensibly from that of a circle. But these 
are illusions, the cause of which we shall try to explain farther on. 

The apparent dimensions of the Sun do not remain the same through- 
out the course of a year. The average size is such, that three hundred 
and thirty-seven disks equal to its own, placed side by side, would cover 
a half-circle of the celestial vault: its average diameter being somewhat 
more than half a degree.* But in winter it appears larger than in 
summer, at least to the inhabitants of the northern hemisphere of the 
Earth. In the southern hemisphere it seems larger in summer than in 
winter, because, of course, our winter is their summer. This change of 
size must not be attributed to a real change in the dimensions of the Sun. 
It is easily explained when we know that the annual revolution of the 
Earth round the central body is effected in a curved path, of which the 
Sun does not occupy exactly the centre. Te distance of the two bodies 
varies therefore from one day to another, and it is towards the first days 
of winter in our northern hemisphere that the Earth is at its least distance 
from the Sun. ‘The different sizes of the solar disk, as seen from the 
Earth when at its least, mean, and greatest distances from it, are shown in 
the following diagram :— 


Ist January. Ist October. Ist July. 


%, 


™— 


inet 


Fig. 1.—Appurent dimensions of the solar disk at the Earth’s extrcme 1nd mean distanccs.t 


We see, then, that the apparent size of an object varies with the 
distance: similarly the size of the solar disk ought to vary, seen from 
each of the planets of the system. The more distant the planet from the 
Sun, the smaller will the Sun appear. To avoid giving numbers, which 
would convey no definite idea to the reader, we have included in the same 


* It is usual in geometry to divide the circumference of the circle into 360 equal 
parts, each of which is called a degree, and is represented thus: 1%. Each degree 
is subdivided into UO minutes, and each minute into 60 seconds: a minute is written 
1’; anda second, 1”. [Properly speaking, however, degrees, minutes, and seconds 
are the angles subtended by these arcs respectively.—R. A. P.] 

+ If we represent the luminous surface of the Sun by 1000 at its mean distance 
from the Earth, the numbers 967 and 1034 will represent the same surface as it 
appears to us at the Sun's greatest distance in July, and at its least distance about 
the Ist of January. The same numbers give us also the relative quantities of heat 
and of light received by the Earth at these different epochs, so that in summer the 
Sun warms and lights our globe less than during winter. This apparent anomaly 
will be explained when we describe the terrestrial seasons. 


THE SUN. 13 


diagram (fig. 2) the comparative sizes of the Sun as seen from each of 
the principal planets at their mean distance. But it must not be forgotten, 





Fig. 2.—The apparent size of the Sun as seen from the principal planets. 


that if the apparent size varies, the intrinsic intensity of the light remains 
the same, of course leaving out of consideration absorption by the 


14 THE SULAR SYSTEM. 


planetary atmospheres, of the power of which nothing precise is yet known. 
The quantity of light or of heat reccived by a planet depends upon the 
extent of the apparent surface of the solar disk. 

From Mercury, the planet nearest the Sun, this body is seen with its 
greatest apparent dimensions; from Neptune, on the contrary, with its 
smallest. The luminous surface appears 6670 times larger from the 
former of these planets than from the latter, situated, as we know, on the 
confines of our system. When we come to study the physical constitution 
of these bodies, we shall return to the quantities of light and heat with 
which the solar effulgence bathes the surface of the planets. We need 
only say here, that if to the inhabitants of the Earth the disk of the Sun 
presents an apparent surface seven times less than that seen from Mereury, 
if in Neptune this surface is further reduced a thousand times, it still 
preserves, as seen from this last glove, a brilliancy superior to that of all 
the bodies, whether planets or stars, that we on the Earth see in the 
heavens, although at this distance the immense luminary would appear but 
as a point, lost amid the innumerable fires of the starry vault. 


The apparent size of an ebject—in other words, the angle formed by 
the visual rays coming from its two extremities to our eye—teaches us, 
however, nothing of its real size, so long as we are ignorant of its distance 


from us. 


What is, then, the distance of the Sun from the earth and from the 


other bodies of our planetary system ? 
Let us take, first, the distance of the Earth from the Sun, without con- 


sidering for the present the particular methods employed to determine it. 

This distance is 91,430,000 miles,* equal to 23,000 semi-diameters of 
our planet. It was about the middle of the last century that this deter- 
mination was arrived at. 


* Tt is certain that the estimate of the distance of the Sun from the Earth as stated 
in former editions of this work requires to be considerably diminished. The labours 
of Le Verrier and Hansen, the observations of Mars made by Stone and Winnecke, 
the new determination of the velocity of light by Leon Foucault, all point to the 
necessity for this correction, which will entail a series of inodifications in the numbers 
at present adopted for the various elements of the solar system. 

[The old value of the Sun’s parallax (a word wluch we shall subsequently ex. 
plain), and the values recently obtained, are as follows :— 


Seconds. 
The old value obtained by Bessel from the transit of Venus . ; : . 878 
The new value obtained by Hansen from the Moon’s parallactic equation . 8916 
is = + Winnecke from the observations of Mars. . 8 O64 
; 4 - Stone ; : , ; ; . P . &930 
r ” * Foucault, from the velocity of light . ; . 8860 
99 ‘3 Leverrier, from the motions of Mars and Venus, 
and the apparent motion of the Sun . . 8950 


_ _ This small correction, amounting to only two-fifths of a second of are, brought to 
light in the first instance by small disturbances in the motion of the Moon and 
planets, should, it has been well remarked, inspire astronomers with additional 
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Very different from the distance just given was that adopted hypo- 
thetically by Pythagoras. This philosopher, who held ideas of the syatem 
of the world so similar to those which a long series of labours has definitely 
established, assigned 44,000 miles as our distance from the body which 
warms and lights us, a distance which would give as its diameter 75 miles. 
Bearing these figures in mind, we can understand the ancient assertion 
which, perhaps, would still astonish many of us, that the Sun is larger 
than the Peloponnesus.* 

The very large numbers, which are so often met with in Astronomy, 
leave for the most part only a very vague improssion on the mind. It is 
difficult for the imagination to figure the objects that they represent ; and 
where it is a question even of moderate distances, it is only by the aid of 
comparisons that we can arrive at any precise idea. If these distances are 
greater than those which we can actually see on a terrestrial horizon, say 
than 25 or 50 miles, the image properly so called vanishes, and we are 
compelled to have recourse to other means of representation ; for example, 
we ask how much time a locomotive, going at a known rate, will require 
to traverse the given distance. The idea of duration comes then in aid of 
that of space to complete and perfect it. 

Let us see with what exactnéss we can by this means form a concep- 
tion of the distance which separates the Earth from the Sun. 

Light—the propagation of which is the most rapid movement known, 
and which travels at the rate of 185,000 miles in a second of time—re- 
quires 8 minutes 17 seconds to flash from the Sun to the Earth. If we 
suppose the intervening space to contain atmospheric air, a sound, with an 
intensity sufficiently great to put in motion a sphere of such enormous 
dimensions, would take fourteen years to reach our ears, sound travelling, 
as we know, about 1115 fect a second. 


confidence (if that were needed) in the exactness of their science and in the fixed- 
ness of the laws which bind the Kosmos together. And if, én the other hand, a 
contrary misgiving is created in other minds from the fact, that this abrupt altera- 
tion of so important an element as the solar parallax implies an alteration of some 
four millions of miles in the Sun’s reputed distance from our Earth, this misgiving 
may, perhaps, be removed, as Sir John Herschel has suggested, by the consideration 
that after all this improvement of our knowledge amounts to no more than a cor- 
rection to an observed angle represented by the apparent breadth of a human hair 
viewed at the distance of about 125 feet. ] 


* Before 1769, astronomers had endeavoured to determine the distance of the 
Sun in various ways. Aristarchus of Samos, and afterwards Ptolemy, Copernicus, 
and Tycho, supposed it equal to 1200 radii of the Earth, nearly 4,800,000 miles, 
that is to say, twenty times less than the actual distance. Kepler tripled this number. 
Cassini and Lacaille approached the nearest to the truth. According to D’Alembert, 
the latter of these savanis valued the distance in question at 21,000 terrestrial radii : 
Cassini at 28,000. The same author again quotes a distance of 12,000 diameters 
of the Earth, which is precisely that now adopted; but he does not give the name 
of the astronomer who arrived at this estimate. Arago, in his Popular Astronomy,” 
alludes to the measures of Riccioli and Hevelius, giving 7000 and 5200 terrestrial 
radii respectively ; lastly, those of Richer and Maraldi, deduced from oppositions of 
Mars, fixed the mean distance of the Sun at 21,712, and at 20,626 terrestrial radii. 
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‘We can thus form on ides of the immrmsity of the chasm which lies 
between the Sun and our globe,—an immensity, the measure of which is 
expressed by the round number, so simple in appearance, of 91,430,000 
miles. It is this number which will henceforth form the unit, the 
‘standard measure,’ by means of which the othet celestial distances will 
‘be expressed. 
_ The distance of the Sun once known, we have only to solve an easy 
problem in geometry, to deduce its real dimensions from the apparent 
size of its disk.* We thus know that its diameter is about 108 times 
the diameter of the Earth, or, as it may be expressed in miles, 852,900, 

The Moon, as we shall see in the sequel, revolves round the Karth at 
& mean distance of 30 diameters of our Earth. If, then, we imagine the 
centre of the solar orb to coincide with the centre of the Earth, not only 
would the orbit of the Moon lie entirely within the Sun, but to reach its 
surface, a distance equal to 26 Earth-diameters would still remain to be 
traversed. Fig. 4, drawn to scale, will show this clearly. 

So much, then, for the lincar dimensions of our Sun. 

If we ask what is the extent of the Sun’s surface, and what its volume, 
we find that the first exceeds 11,600 times the entire surface of the terrestrial 
sphere. If we pass to its volume, it is impossible not to be startled at 
the statement that the sun exceeds the Earth 12,527,000 times in cubic 
content. 

Arago, in his ‘Popular Astronomy,’ quotes the following comparison, 
well adapted to give an idea of the immensity of this volume: ‘A certain 


* This problem is so simple, in fact, that we cannot resist the temptation of 
proving our assertion. Take a disk of white pasteboard, say of about four inches 
(the French equivalents are given in the figure) in diameter, place it vertically, and 
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Fig. 3 ~Dimensions of the Sun reduced from its distance and its apparent diameter. 


move away from it little by littie until its apparent dimensions are precisely the 
Ratce as those of the Sun, that is, until the pasteboard disk will exactly cover the 
solar disk, Observation shows us that the distance between the eye and the disk is 
very nearly 12 yards. 

_N ow it is easy to see from the preceding figure, that there is between the real 
dimensions of the pasteboard disk and those of the Sun precisely the same relation 
as between the distances which separate the observer from each of the two objects 
in question. The diameter of the Sun is therefore to the diameter of the disk as 
91,400,000 miles are to the distance of the disk from the eye. The method 
employed by astronomers is less elementary; but in the main it is based on the 
same principle. 
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Professor at Angers, wishing to give his pupils a tangible notion of the 
size of the Harth compared with that of the Sun, counted the number of 
grains of wheat of ordinary size contained ina measure called a litre; he 
found this to be 10,000; consequently a decalitre would hold 100,000; a 
hectolitre 1,000,000, and 14 decalitres, 1,400,000,’ the estimate of the 
Sun’s volume accepted in his day. ‘After having gathered into one heap 
the 14 decalitres, he held up one grain, and said to his listeners, “ Here 
is the volume of the Earth, and here is the Sun.” This statement of the 
case struck the pupils infinitely more than if he had announced it in 
abstract numbers, 1 to 1,400,000.’ 

When we shall have seen what are the actual dimensions of this grain 





Fig. 4.—Comparative dimensions of the Sun and of the orbit of the Moon. 


of corn which represents the Earth, we shall be more surprised still, and 
our imagination will be crushed under the prodigious size of our world’s 
light-giver, which, nevertheless, is but itself a grain of luminous dust lost 
in infinite space. 

Our Earth being only one of the members of the planetary family, it 
would be only natural to extend the comparisons that we have made 
between its volume and that of the Sun to the principal celestial bodies 
which revolve with it round the central focus. But, in the detailed 
description that we shall subsequently give of each of these bodies, 
we shall take occasion to enlarge more on their proper dimensions. T'o 
deal with them here as a whole, we may remark that the volume of the 
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Sun is itself equal to 600 times the united volumes of all the planets and 
their satellites put together. 

That we have been able, by means of the data supplied by observation, 
and the laws of geometry and optics, to measure the true distances of the 
celestial bodies—at least of those nearest to us; that from their distances 
we have determined their dimensions in diameter, in surface, and in 
volume, is not difficult to understand, and our readers will doubtless 
readily admit what we have already said, although we have not finished 
with the subject, as the question of distance will be again discussed in the 
third part of this book. 

But that astronomers should pretend even to know the weight of the 
different celestial bodies, and to say how many Earths may be placed in 
one scale of a balance to hold the Sun in equilibrium in the other, will 
seem paradoxical, at all events, to many. We shall, farther on, show the 
possibility of conclusions apparently so audacious, the inquiry into which 
may seem to border on presumption. We must, however, in the interim 
invoke a sentiment which is but rarely required in science —faith in our 
assertions, not a faith which shelters itself under the impenetrability of the 
mysterious, but one which will become by future study clear and demon- 
strated truth. 

Compared with the mass of the Earth, the mass of the Sun is only 
about 315,000 times as great, although its volume, as we have seen, is 
1,252,700 times larger. This indicates a less density; and it is found 
that the matter of which the Sun is composed weighs but little more, 
volume for volume, than a quarter of that of which our own globe is 
formed. The Sun’s weight approaching to 


2,000,000,000,000,000,000,000,000,000 tons, 


ranks among those numbers which present nothing to the mind, and leave 
the imagination itself powerless. 

We shall find that among the bodies of the solar system, there 
are many planets whose dimensions and masses are considerable when 
compared to our Narth’s, The mass of the Sun alone; however, is equal to 
750 times the united masses of all the bodies which it maintains in its 
sphere of attraction, and to which it dispenses light and heat. 
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Solar Observations—Sun-spots— The Sun's movement of Rotation—The Kew Pho- 
tographs of the Su— The Telescopic appearance of the General Surface— Mr 
Nasmyth's ‘ Willow-leaves'— Opinions of other Astronomers— The appearance 
of the Penumbra— Umbra and Penumbra of Spots — Enormous Spots— Their 
rapid Change of form — Mr. Carrington’s Researches on their Proper Motion. 


Wuey clouds or mists are thick enough to mitigate the dazzling splendour 
of the Sun’s rays, but yet sufficiently transparent to enable us to see its 
disk, with its distinctly circular form, the surface of the luminary appears 
to us uniformly luminous, with no spot dimming its brightness. The 
same appearance, as every one knows, is presented when we observe it 
through a plate of black or smoked glass. 

But if, instead of confining ourselves to observations with the naked 
eye, we examine the body with a telescope of moderate magnifying power, 
our eye being properly protected, the enlarged image of the disk will 
usually appear to us, as if sprinkled with irregularly grouped dark points. 
These are the ‘Sun-spots,’ real movable appurtenances of the surface of 
the Sun, the observation of which, as we shall soon see, is surrounded 
with the greatest interest, as it helps us in the study of the physical 
constitution of our luminary. 

The following representation of the Sun (fig. 5) wil! give an idea of 
the manner in which the spots are distributed, and of their grouping at a 
given time. 

Let us remark at once, that the number of the spots, their relative 
positions, and their forms even, vary constantly according to the period of 
observation. Sometimes, but rarely, the solar disk is perfectly clear, no 
spot varying the uniformity of its splendour. During a period of ten 
years, from 1840 to 1850, out of a total number of 1982 days, when the 
Sun was observed, there were only 372 days on which spots were not 
observed on its disk. ) 

As many as 80 spots have been visible at one time. On the other 
hand, whole years, it is stated, have passed without any being observed. 

But we must be allowed to consider the latter fact a negative one, 
resulting from the went of assiduity of observers; for since such 
astronomers as Schwabe of Dessau, Wolf of Zurich, Carrington of 
Redhill, Dawes of Haddenham, [De La Rue of Cranford, and others], 
have devoted themselves to the continuous observation of these phenomena, 
the number of days in the year when the disk of the Sun has not 
presented any spot has always been less than those on which groups have 
been recognised. 

re shall see, subsequently, that the number of spots follows a 
certain periodicity, which seems to establish a most interesting correlation 
between Sun-spots and the phenomena of terrestrial magnetism. 


20 THE SOLAR SYSTEM, 


When observed with care during several consecutive days, the spots 
are seen to vary in form and position. But midst all these variations, a 
common movement, a progression of the whole, by virtue of which they all 
move in the same direction, can be distinguished. From this movement has 
been deduced the rotation of the solar globe round an axis that passes 
‘through its centre. 

Let us look again through our telescope. The reversed image of the 
Sun presents itself in such a manner, that the eastern edge—or limb as 


udBaa? 





Fig. 5.—Sun-spots observed on the 2nd September, 1839. (Captain Davis.) 


it is called by astronomers—occupies the right, the western one the left 
whilst the south and north regions of the Sun are, the former at the top, 
the latter at the hottom of the image, as seen in the telescope. 

Observe a spot on the eastern edge. From one dav to another we 
shall see it progress, and that with gradually increasing rapidity, until it 
occupies a central position on the disk. Then it will continue to advance 
towards the left, but, in this second half of its journey, its rapidity will 
decrease, and the spot will finally disappear on the western border. The 
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same phenomena will take place with all the spots which, at the com- 
mencement of observation, are scattered over the solar disk; all will 
describe in the same direction with a nearly equal velocity either straight 
lines or slightly curved ones (according to the period of observation), the 
convexity of the latter lying in the same direction for all the spots 
observed at the same time. 

Let us suppose that the particular spot that we have noticed is of an 
oval form, its greatest length being at right angles to its motion across 
the Sun at the moment when it appeared at the eastern border. In 
proportion as it approaches the centre the spot widens, 80 that it becomes 
nearly circular, then, having passed the centre, its form becomes more 
and more oval again, until its disappearance, its apparent size meanwhile 
in one direction not having sensibly varied. 

Fig. 6 shows the changes of form of which we speak during the first 
or last half of the period of the visibility of the spot. The effects are 





Fig. 6.—Apparent change in the form of spots approaching or receding from the centre. 


produced precisely as the Jaws of perspective demand, if we admit that the 
Sun is of a spherical form, and that the dark spot observed passes over its 
surface with an uniform movement. 

About fourteen days is the time during which a spot remains visible, 
and this time is the same for all, although they do not all traverse arcs of 
precisely the same length on the Sun’s surface. 

It is also fourteen days after the disappearance of a spot on the 
western border before it appears again on the eastern, often changed in 
form, it is true, but, nevertheless, generally recognisable. _ 

Precise measurements have proved both the general uniformity and the 
parallelism of all these movements, although, independently of the rotation 
of the whole, the spots undergo slight displacements among themselves. 

It was asked at first if the black points which form the spots really 
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belonged to the body of the Sun, whether they were not small bodies 
revolving like planets around the great light-giver and presenting to us 
their unilluminated faces. But the variation in their apparent rapidity 
which we have noticed, combined with the change of form which some of 
them undergo in passing from one border to the other, does not allow us 
to adopt this hypothesis. - 

It was also thought possible to explain the movement of the spots 
from the eastern to the western border, by an actual translation of them 
across the surface of the Sun, itself immovable. But if so, how shall we 
account for this absolute uniformity in their movements ? 

Thus there are two facts of great importance placed beyond all 
question by the attentive and continued observation of these black points 
which are scattered over the surface of the Sun; on the one hand, the 
spherical form of the body, on the other the existence of a movement of 
general rotation. Moreover, this movement takes place from right to 
left, or from west to east; that is, as we have already seen, precisely in the 
same direction as the movements, both of rotation or revolution, of the 
other bodies of the solar system. 

When, three centuries ago, the discoveries of Copernicus at last 
brought to light the true system of the world, the Sun was promoted 
from the secondary rank of satellite to the Earth to that of sovereign of 
the planetary kingdom, and it was imagined that he was enthroned, 
immovable, in the centre of his court. It was not suspected either that 
he was whirling through space accompanied by his dependants, or that he 
turned on an axis. Why, it was said, this latter movement, in a body 
which itself is light and heat, and knows only an eternal day ? 

These two movements are, nevertheless, real movements. The recent 
progress of Sidereal Astronomy has demonstrated the movement of trans- 
lation of the solar system in space, as the observation of the Sun-spots has 
proved the rotation of the Sun. 

It was in 1611 that this last and important discovery was made. 
Before that time, Jordano Bruno'and Kepler had suspected the movement 
of rotation; anticipating, as remarked by Arago, actual observation by 
their genius, while the astronomer, Jean Fabricius, discovered both the 
spots and their general displacement on the surface of the disk. 

We have said before, that about 28 days elapse between the appearance 
and disappearance of a spot on the same edge of the Sun; the time of the 
actual rotation is actually less by two days.* 


* Let us endeavour to understand this important distinction. 

If we take a spot, a, on the accompanying diagram at the moment when, as seen 
from the Earth, it coincides with the centre of the Sun, and disregard the irregular 
displacements to which it will be subjected on the surface of that body, an entire 
rotation will seem to us to be effected when the same spot.returns to occupy the 
same central portion after 27 days 12 hours. But, during this time, the Earth, our 
movable observatory, will be displaced in its orbit, and will have described an 
arc, from T, its primitive position, to T’, its new position. At this moment, 
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We are here content to state the time of the Sun’s rotation thus 
broadly, as we shall have to return to it by-and-by. | 

The plane of the Sun’s equator is but slightly inclined (7° 15’ according 
to Carrington’s latest researches) to the ideal plane in which our Earth moves 
round the Sun. If this inclination were nz7, we should always see the spots 
moving in right lines over the disk, parallel to the solar equator. But this 
inclination causes us to be sometimes above and sometimes below the plane of 
the Sun’s equator. Hence the curved paths of the spots at some seasons, the 
convexity sometimes being towards the north, at others towards the south. 
But at the two intermediate seasons. that is, on the 6th of June and the 
8th December, the Earth is exactly in the plane of the equator,* and at 
these times we see the spots moving 
in straight lines. Fig. 8 will ren- 
der our statements clear, [but it 
must be uncerstood that the feature 
illustrated is greatly exaggerated. | 

Sun-spots are confined in the 
main to two zones, situated on 
each side of the equator, and they 
are seldom observed on other parts 
of the disk, whence it seems to 
follow, that the phenomena which 
give rise to them have a certain 
relation to the movement of rota- 
tion of the solar globe. If the 
luminous surface of the Sun be an 
incandescent fluid [ or be composed 
of masses of gas or cloud], it is 
conceivable that the rapidity of 
rotation gives rise to a centrifugal 
force which, though absent at the 
poles, constantly increases towards 
the equator, where it attains its Fig. 7.—Difference of time in the apparent rota- 
maximum. Hence arise currents, tion of the Sun, and its real rotation. 
whirlwinds, and, no doubt, breaks or rents in the luminous surface. 

The rapidity of rotation increases of course from the poles towards 
the equator, and is much greater than would be imaginable at first sight 





the spot has revolved not only back to a again, but also through an additional part 
ofthe arc aa’,so that it has actually effected more than an entire rotation. In 
other words, the point of the surface of the Sun, which corresponded first to the 
centre of the disk, is now to the east of the new central point a’, by the fact of the 
movementof the Earth. The apparent period of the rotation exceeds thus the real 
period by the time necessary to traverse the path a a’. A simple calenlation 
shows that this period is about two days. 


* (The ascending node of the Sun's equatorial yJane is situated in heliocentric 
longitude 73° 40’ for 1850-0 (Carrington).] 
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to. judge from the slowness of its angular movement. A point situated 
on the solar equator, however, travels with a velocity of 4560 miles an 
hour, or about 1} miles a second; that is, nearly four times and a half 
faster than a point situated on the terrestrial equator. 

Now that the spots of the Sun have revealed to us its movement of 
rotation, and the direction, manner, and duration of that movement, let us 
study in detail these interesting phenomena, and see what knowledge we 
can gather of the physical constitution of this giant of our planetary 
system. 

Turn to Plate II, which represents a series of Sun-spots. It will be 
seen that the spots consist almost invariably of one or several dark portions 
called umbra, which seem black when compared with the luminous parts 
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Fig. 8.— Different paths of Sun-spots at different periods of the year. 
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Around these, a grey tint furrowed with dark stris forms what is 
named, improperly, the penumbra. The majority of spots are composed 
of one or several umbree, enclosed in one penumbra. But sometimes spots 
appear without the greyish envelope, as also occasionally penumbra 
unprovided with wmbre. 


The forms of the spots, as shown by the drawings placed before the 
reader, are most varied. The penumbra most frequently reproduces the 
principal contours of the umbra, and often presents a great variety of 
shades, when examined with considerable magnifying powers. On the 
exterior edges of the penumbra, the grey tint seems generally the deepest, 
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either by the effect of contrast with the brilliant portions that surround. it, 
or because in reality it possesses at these points a more decided tint. 

Fig. 9 affords a striking example of this aspect of the penumbra. 

This spot presents the peculiarity, not at all unfrequent, that the dark 
umbra is divided into several fragments by luminous bridges, spanning 
it, as it were, from one side of the penumbra to the other. 

The umbra itself is far from offering an uniform black tint. In 
reality it always presents the appearance of varied shades, as if the 
penumbra and umbra were mingled, and mixed up their tints in varied 
proportions. 

[ We owe to the Rev. W. R. Dawes the discovery that the wnbra is 
but a darker kind of penumbra; for under the best conditions of air and 





Fig. 9.—Sun-spots, showing umbra, penumbra, and luminous bridges. (Nasmyth.) 


instrument, he has found within some umbre a much darker portion— 
which he calls the nucleus. This he finds to be of the most intense black- 
ness; but in saying this we must warn our readers that such a word as 
applied to the Sun is comparative only. Sir J. Herschel has shown, that 
a ball of ignited quicklime, in a Drummond's oxyhydrogen lamp, which 
itself gives out an apparently near approach to sunlight, when projected 
on the Sun appears as a black spot. So that the Sun-spots, properly so 
called, may not be so black after all! ] 

The transits of Mercury, moreover, over the Sun’s disk have taught 
us that the umbra is less dark than the unilluminated face of a planet. 

We shall now speak of the real dimensions of the spots, the successive 
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changes which they undergo, and what astronomers call their ‘ proper 
motion,’ that’ is, their actual movement on the Sun’s surface in any 
direction. a 

The dimensions of the spots are extremely variable, and they some- 
times cover enormous areas. It is not uncommon to see one with a surface 
larger than that of the Earth. Schréter measured one, the extent of 
which was equivalent to sixteen times the surface embraced by a great 
circle of our Earth or four times the entire superficies of our globe; its 





Fig. 10.—Enormous Sun-spots. (Davis.) 


diameter, therefore was nearly four times the diameter of the Earth, that 
18 to say, more than 29,000 miles. Sir W. Herschel, in 1799, measured 
& spot consisting of two parts, the diameter of which was not less than 
50,000 miles. Some spots observed by Captain Davis on the 30th of 
August, 1839, show what enormous proportions they sometimes attain. 
The most extensive was not less than 180,000 miles in its greatest length, 
its surface embracing about 24,000,000,000 square miles. 


PLATE II. 





SUN-SPOTS. (Sir J. Herschel.) 
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If the spots are deep rents in the envelope, of what enormous capacity 
must be those gulfs, those gigantic abysses, at the bottom of which the 
Earth would only be as a boulder in the crater of a volcano! 

Not only are Sun-spots not permanent——it is rare that one lasts for 
many successive rotations —but their forms and dimensions differ from 
one rotation to the other; sometimes even in the interval of a day. 

The modification undergone by groups of spots, in about the interval 
of one rotation, ‘can be seen in figs. 11 and 12. 

These different groups, though easily recognised again, form, never- 
theless, a new ensemble, and the details of the spots are still more modified. 

These changes indicate two phenomena going on simultaneously, 
which observers have separately studied. On the one hand, we have 
here indicated a proper motion'of the spots, more or less rapid and 
distinct from the apparent movement produced by rotation. According 


Were 


Fig. 11 —Triunsformation of groups of Solar spots in tho interva) of a rotation. 
Observed by M. Pastorff on 24th May and 21st June, 1828. 


to Laugier, the proper motion of a spot observed by him was not less 
than 363 feet a second; that is to say, three times greater than that of 
clouds carried along by the most violent hurricane. 

[The proper motion of the spots has recently been inquired into in the 
most complete manner by Mr. Carrington, who has been willing to 
observe the Sun every fine day for eight and a half years, in order to 
supply his share of information for the solution of that great question, 
‘What is a Sun?’ What he has discovered shows us that there need be 
no wonder that various observers have differed so greatly in the time they 
have assigned to the Sun’s rotation. As our readers already know, that 
rotation has been deduced from the time taken by the spots to cross the 
disk. Mr. Carrington now shows that all Sun-spots have a movement of 
their own, and that the rapidity of this movement varies regularly with 
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their distance from the solar equator. In fact, the spots near the equator 
travel faster than those away from ‘it, so that if we take the estimated 
motion for the Sun’s equator we shall say that the Sun rotates in about 
25 days; and if we take a spot situated half-way between the equator 
and the poles (in either hemisphere), we shall say that it rotates in about 
28 days. This, truly, is an important stand-point gained, but while it 
aids our knowledge of the photosphere —that silver sea over which the 
spots, like gondolas, so slowly glide —it tells us that of the rotation of the 
Sun itself lying underneath this fiery envelope we are yet entirely 
ignorant, for if it be a solid mass it can only have one period of rotation. 
Which is it ?] 

We now come to the other phenomenon indicated. The change of 
form is not less rapid than the proper movement. Sometimes a spot 
divides into several separate nuclei; sometimes many distinct nuclei 
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Fig. 12.—Changes of Solar spots in the interval of one rotation. Details of groups A. and B. 
: (See last figure.) (Pastorff.) 
reunite into one. Arago quotes from Wollaston a curious instance 
of a spot which seemed to break upon the surface of the solar globe, 
in the same manner as a fragment of ice thrown on the frozen surface 
of a sheet of water divides into several pieces, and slides in all directions. 
[ Diligent observation, moreover, of the umbra and penumbra with 
a powerful instrument, reveals to us the fact that change is going on 
incessantly in the region of the spots. Sometimes, after the lapse of 
an hour, many changes in detail are noticed: here a portion of the 
penumbra setting sail across the umbra; here a portion on the umbra 
melting from sight; here, again, an evident change of position and 
direction in masses which retain their form. | 
Are, then, these spots the only exceptions to the uniform brightness 
of the Sun’s surface? They are not. 
[Near the edge of the solar disk, and especially about spots approach- 
ing the edge, it is quite easy, even with a small telescope, to discern 
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certain very bright streaks of diversified form, quite distinct in outline, 
and either entirely separate or coalescing in various ways into ridges and 
network. These appearances, which have been termed ‘ facule,’ are the 
most brilliant parts of the Sun. Where, near the limb, the spots become 
invisible, undulated shining ridges still indicate their place— being more 
remarkable thereabout than elsewhere on the limb, though everywhere trace- 
able in good observing weather. Facule appear of all magnitudes; and 
Professor Phillips, whose description we are quoting, has observed them 
from barely discernible, softly-gleaming, narrow tracts, 1000 miles long, 
to continuous, complicated, and heapy ridges, 40,000 miles and more 
in length, 1000 to 4000 miles broad. By the frequent meeting of the 
bright ridges, spaces of the Sun’s surface are included of various magni- 
tudes and forms, somewhat corresponding to the areas and forms of the 
irregular spots with penumbre. ‘They are never regularly arched, and 
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Fig 13.—Sun-spots surrounded by a platform of facule. (Capoccl.) 


never formed in straight bands, but always devious and minutely undulated, 
like clouds in the evening sky, or irregular ranges of snowy mountains. 
Ridges of this kind often surround a spot as shown in fig. 13, and 
hence appear the more conspicuons; but sometimes there appears a very 
broad white platform round the spot, and from this the white crumpled 
ridges pass in various directions. Towards the limb the ridges 
appear parallel to it; away from it, this character is exchanged for 
indeterminate direction and lessened distinctness; over the remainder of 
the surface they are much less conspicuous, but can certainly be traced. ] 
There would seem to be a close connexion between spots and faculee, 
for M. Chacornac, an eminent French observer, holds that spots are dis- 
tributed for the most part in groups, with their greatest length parallel to 
the Sun’s equator, and that the first spot of the group is the blackest, 
the most regular, and lasts the longest. As the spots on the wake of the 
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first disappear, they give place to facule, which invade and cover over 
the regions where the spots showed themselves: then the original spot 
appears followed by a train of facule. 

So much for the more salient phenomena of the Sun’s surface, which 
we can study with our telescopes. There is much more, however, to be 
inquired into; and astronomers—so far from being dismayed at the 
enormous distance of our central luminary, and at the fact, that with our 
most powerful instruments we can only watch the changes perpetually 
going on:.on its surface as we could do with the naked eye at a distance 
of 180,000 miles,—are at the present moment engaged in a discussion 
| on the more minute appearances re- 
vealed to us under the best conditions 
of air and instrument. 

We may begin by saying, that 
the whole surface of the Sun, except 
those portions occupied by the spots, 
is coarsely mottled ; and, indeed, the 
mottled appearance requires no very 
large amount of optical power to render 
it visible. It has been often observed 
with a good refractor of only 24 inches 
aperture. Examined, however, with a 
large instrument, it is seen that the 
surface is principally made up of lu- 
minous masses — described by Sir 
W. Herschel as ‘corrugations’ and 
small points of unequal light—imper- 
fectly separated from each other by 
rows of minute dark dots, called pores, 
the intervals between them being ex- 
tremely small, and occupied by a sub- 
A stance decidedly less luminous than the 

Fig. 1d.—Bpot with facule, May %4, 1963, general surface. Mr. Nasmyth has 
(Capt. Noble.) recently announced his discovery that 

these pores are the ‘ polygonal interstices between certain luminous objects 
of an exceedingly definite shape and general uniformity of size (at least as 
seen in projection, in the central portions of the disk), which is:that of the 
oblong leaves of a willow-tree.* According to other observers, however, 
these luminous masses present almost every variety of irregular form: they 
are ‘ rice-grains,’ ‘granules or granulations,’ ‘untidy circular masses,’ ‘things 
twice as long as broad,’ ‘three times as long as broad,’ and soon. Mr. Dawes 
asserts, indeed, that he has seen some nearly in contact differ so greatly i in 
size that one was four or aye times as large as the other; and while, in a 





* Horschel's ° ¢ Outlines of Astronomy,’ p. 695. 
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remarkably bright mass, one somewhat resembled a blunt and ill-shaped 
arrow-head, another, very much smaller, and within 5” of it, was an 
irregular trapezium, with rounded corners. 

With regard to the general surface of the Sun, therefore, it is not so 
easy to reconcile the conflicting opinions to which we have alluded. The 
appearances which, according to Mr. Nasmyth, arise from the interlacing 
and irregular arrangement of his ‘ willow-leaves,’ Mr. Dawes, who is one 
of the most assiduous observers of the present day and who has closely 
etudied the solar surface, explains very differently. He looks upon them 
not as individual and separate bodies of a peculiar nature, but as merely 
rendering visible to us different conditions as to brightness or elevation of 
the larger masses forming the mottled surface, ‘just as the brightest 





Fig. 15.—Sun-spot, April 2, 1865. (Lockyer.) 


The interior outline of the penumbra and other appearances projected on the umbra are alone 
intended to be shown. 

A. Tongue of facula (?) stretching out into the umbra. B. Clouds (7) 

C. A Promontory in which the ‘things’ are changing the direction of their larger axes with 
respect to the centre of the spot. 

D The ‘things’ on the general surface of the Sun; these are shown by the engraver too regu- 
larly and too near together, us opposed to the ‘ things’ on the penumbra. 

F. Hore the penumbra scems compused of layers, and the ‘things’ are arranged like feathers 
on a duck’s wing. 
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portions of that surface, and the facule also, are different conditions of the 
general photosphere.’ ‘Their forms and sizes,’ he says, ‘ are 80 various as 
to defy every attempt to describe them by any one appellation or com- 
parison. But the rarest of all forms is the long and narrow.’ 
The word ‘willow-leaf,’ however, very well paints the appearance of 
D 
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the minute details sometimes observed in the penumbre of spots, which 
occasionally, as seen in fig. 9, appear to be made up of elongated masses 
of unequal brightnesses, so arranged that for the most part they point like 
s0 many arrows to the centre of the nucleus, giving to the penumbra a 
radiated appearance. At other times, and sometimes in the same spot. 
the jagged edge of the penumbra, projecting over the nucleus, has caused 
Mr. Dawes to liken the interior edge of the penumbra to coarse thatching 
with straw, the edge of which has been left untrimmed. But other ap- 
pearances are assumed, depending upon the amount and kind of action 
going on in the spot at the time. This has recently been abundantly 
demonstrated by Father Secchi. The occasional ‘ willow-leaf’ appearance 
of the penumbra is represented in fig. 105. 

Mr. Dawes has come to the conclusion, that the ‘ granules’ or ‘ granu- 
lations’ are generally larger and brighter, on the brightest parts than on 
the darkest ones; the difference in brightness of the individual ‘ granules’ 
in each part being much the same as in the different masses themselves : 
on each of the larger masses, the individual granules are all very nearly of 
equal brilliancy, throughout the mass to which they belong. They are 
not in general, if ever, mixcd together—some much brighter, and others 
far less bright, on the same mass. There are also darker or shaded portions 
between the granules, often pretty thickly covered with dark dots, like 
stippling with a soft lead-pencil ; these are what have been called ‘ pores’ 
by Sir John Herschel, and ‘ punctulations’ by his father. Some of these 
are almost black, and are like excessively small eruptive spots. | 


III. 


Theories of the Physical Constitution of the Sun—Wilson’s Theory — Kirchhoff's 
Theory — Their Antagonism — Opinions of M. Faye and Mr. Herbert Spencer—- 
Solar Cyclones— Probable downrush of Clouds into a spot, and Consequent Dis- 
appearance—Spectroscopic Observations of the Promimences—Reeent Dis- 
coveries respecting the Prominences and Sierra—Intensity of the Sun's Light 
and Heat. 


Great interest, doubtless, attaches to a knowledge of the relative move- 
ments of the celestial bodies, and to the possession of the secret of the 
successive changes of position of the luminous points in the starry vault, 
which we are enabled to contemplate. These phenomena, studied with 
admirable perseverance during twenty centuries, have at length unveiled 
to us the structure of the universe, by enabling us to comprehend in all 
its details that of the system to which the Earth belongs. 

’ But the domain of Astronomy is not restricted to the study of these 
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general laws, so great in their simplicity. It embraces also all the pheno- 
mena appertaining to each celestial body considered singly ; phenomena 
which, when taken as a whole, allow us to form the most reasonable 
conjectures as to its particular constitution. ‘The Earth, naturally enough, 
was the first body of which the physical constitution was studied and 
-known,.and this, of course, apart from all astronomical considerations, and 
by direct methods very different from those employed by astronomers. 
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Fig. 16.—Explanation of Sun-spots on Wilson's hypotiesis: aa, photosphere ; 4 4. cloudy stratum, 
A, spot with nucleus {umbra and penumbra; B, nucleus (umbra without penumbra) ; C, 
penumbra without nucleus {umbru). 


The bodies nearest to us and most easy to observe, thanks to their 
apparent dimensions—the Moon and the Sun—came next in turn. Then 
followed the several planets of our system; and at length the investigators 
of science, overcoming the abysses which separate us from the other sys- 
terus of the sidereal universe, have attacked with success the problems 
which deal with the physical constitution of the Stars and Nebule. 

The nature of the light by which a celestial body reveals its existencs 
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to us; its intensity ; the heat which it receives or gives out ; the nature of 
the matter of which it is composed; the various phenomena which it 
reveals to us; the changes of form and of colour which these phenomena 
undergo; the succession of day and night and of seasons deduced from its 
various movements; the mass; density; and force of gravity at its sur- 
face—these are some of the principal points, the study of which belongs 
to that part of our subject called Physical Astronomy ; a part of the science 
which has from the earliest times been privileged to excite human curiosity 
to its highest degree. 

We propose, in the course of this work, to collect together all the facts 
of this kind with which observers have, up to the present time, enriched 
our science, in such a manner as to amply satisfy this legitimate curiosity ; 
and we will begin with the Sun. 

We have been made acquainted with its dimensions, mass, and move- 
ment of rotation; and we have dwelt upon the curious phenomena of 
which the surface of its immense globe is eternally the theatre. We have 
now to try to explain these phenomena, and to see in what manner they 
can be connected with the Sun’s constitution. 

The first attempt to do this was made as long ago as 1774, by 
Alexander Wilson; and his theory, developed and modified by Bode, 
Mitchell, and Schruter, and completed by Sir W. Herschel and Dawes, 
has been confirmed, and partly verified, by the important experiments 
of Arago. . 

According to Wilson’s theory, the Sun is composed of a dark 
spherical globe, or at least a globe not self-luminous, surrounded, at 
different distances, by three atmospheres, or gaseous envelopes, entirely 
distinct. 

The first atmosphere, the one nearest the central nucleps, is formed 
of an opaque, cloudy stratum, reflecting light, but giving out none, except 
that light which it receives itself. 

To this envelope succeeds another, either close to the first, or separated 
from it by a certain interval. ‘This second atmosphere is self-luminous, 
being formed of a gas in a permanently incandescent state. The outer 
surface of this stratum, called the photosphere, gives rise to the visible 
limits—the well-defined edge, or Zimd, of the sun’s disk. 

We have, lastly, a third atmosphere, which is illuminated by the 
photosphere, is transparent, and surrounds all the others, and is composed 
of strata the density of which decreases as they increase in distance from 
the central body. 

Let us see now how this hypothesis accounts for the appearances 
presented by Sun-spots, and the shaded or luminous portions of the 
remainder of the disk. 

If we imagine that on the surface of the dark nucleus there are 
formed from time to time gaseous masses, incandescent by reason of their 
high temperature ; or again, if there exist on the same surface centres of 
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volcanic disturbance, the eruptions proceeding from these craters, piercing 
and tearing away successively the two intcrior atmospheres of the Sun, 
would produce holes of the greater or less extent, openings through which 
the central nucleus or the overlying umbra could be seen. These 
openings, therefore, should present generally the form of an irregular cone, 
widened at the upper part, exposing at its centre the solid and obscure 
part of the Sun, and all around this the cloudy atmosphere of a greyish 
tint. Hence, black spots surrounded with penumbra. 

But it may happen that the opening thus made in the photosphere 
will be smaller than that in the cloudy stratum. In this case the black 
nucleus will be alone visible, and it is thus that a spot without penumbra 
is explained. If, on the contrary, the rupture in the first envelope closes 
up before the photosphere, then the obscure body will be invisible, a 
circumstance which easily explains penumbre without a nucleus. These 





Fig. 17.—Explanation of Sun-apots on Wilso.'s hypothesis. Appearances preeented by the 
same spot us sven at the centre and neur the limb. 


different cases are all represented in fig. 17, where the conditions necessary 
to present these appearances to an observer on the Earth are indicated. 

When a fissure is violently and suddenly produced in a gaseous mass 
like the photosphere, we must expect to see round the opening a heaping 
up of the matter of which it is formed, and consequently much greater 
luminous intensity. 

Such would seem to be the origin of facul, which generally, a8 we 
have seen, surround the spots. 

The theory of the physical constitution of the Sun accounts in a very 
satisfactory manner for the details of the phenomena observed. The 
various forms of the spots, their disappearance, their motions even, are 
easily and naturally explained. The fact often observed, that the nucleus 
diminishes little by little, and is reduced to a mere point, leaving the 
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penumbra visible sometimes after its disappearance, ix admirably ex- 
plained : itis precisely in this manner that the edges of the two atmo- 
spheres should gradually come together when the cause which gave rise to 
their disturbance diminishes in energy and disappears. 

It may also be conceived, that after the disappearance of a spot, the 
facule ought still to remain and even to appear more brilliant, since o 
certain time must be nezessary to re-establish the perfect homogeneity of 
the gaseous strata; and that the gaseous matter, in filling up the cavity 
formerly occupied (apparently) by the umbra or nucleus and the penum- 
brew, would naturally condense, and thus become more luminous. 

Besides the ascending currents, the rapidity of which is powerful 
enough to pierce the atmospheric envelopes of the Sun, it is thought that 
there exists » continual agitation in the gaseous strata and on the surface 
of the photosphere. This surface is not smooth, but furrowed with eleva- 
tions and depressions in every direction, analogous to the waves of the 
ocean. Hence the luminous ridges, and darker intervals, and multitude 
of pores, giving the Sun the mottled aspect before mentioned. 

The apparent. caanges of form, which result from the rotation of the 
Sun, now remain to be explained. In fig. 6 are represented the appearances 
presented by a spot as it travels from the edge to the centre of the disk, or 
cice versa. The elongated form of a spot at the edges, compared to its 
rounded form at the centre, is an effect of perspective, and results from the 
spherical form of the Sun. But this is not all. If the spot and its 
penumbra are formed by a conical opening, the sloping sides of which 
reveal to us the thickness of the envelopes,* the portion of the penumbra 
turned towards the centre, will disappear first, while the penumbra on the 
side nearest the limb will apparently increase. The same appearance will 
be produced at the moment of the appearance of a spot on the eastern limb. 
This is due to a simple effect of perspective, which fig. 17 will show at once. 

The preceding theory is entirely founded upon’the hypothesis that 
the light of the Sun does not belong to the nucleus, but that it is radiated 
by a gas in a state of incandescence.t 


* M. Petit, of ‘Toulouse, has succeeded recently in measuring the height of the 
cloudy stratum which gives rise to the appearance of the penumbra. He has found 
it to be upwards of £000 miles. [Professor Phiilips has found a much smaller 
height—3800 miles—to be a probable limit. Faye, however, adopts a value not 
differing greatly trom Petit’s.] 

+ That the Sun is not a solid body, at least that its visible surface is not solid, we 
must admit, in consequence of the extreme mobility displayed by the phenomena of 
that surface. But itis not so evident that it is not an incandescent liquid or body 
in a state of fusion. This fact has been held to be established by an experiment 
of Arago’s. The optical properties of the luminous rays radiated by an ignited gas 
are very different from those of rays the source of which is a liquid or solid mass, at 
least if these rnys Jeave the surface of the incandescent body at a very small angle 

from the limb of a sphere. Whilst the latter rays, examined by means of a very 
ingenious Instrument, called a ‘ polariscope,’ by its able inventor, are decomposed 
into two coloured pencils, the others, in passing through the same artificial medium, 
remain in their natural state. Now itis precisely the latter phenomenon which is 
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The physical constitution of the Sun is much more simple, if we accept 
the reasoning of those who adopt a second theory which is less at variance 
with the ideas held by those unfamiliar with Astronomy on the subject of 
our great luminary. But, perhaps (at least such is our way of viewing it), 
it scarcely renders a more satisfactory explanation than the other of all the 
observed phenomena, and it leaves without explanation many circum- 
stances of these phenomena. According to it, the Sun is formed of 
an incandescent nucleus, the direct source of the light and heat which it 
emits; whether it be a solid or liquid nucleus matters not. ‘The nucleus 
is surrounded with a very dense atmosphere, formed of the constituent 
elements of the body,—elements which the intensity of the temperature 
maintains in a gaseous state. 

If partial coolings take place at different points of the atmosphere by 
the action of unknown causes, what happens ? There will be formed at 
these points precipitations analogous to the clouds of aqueous vapour in 
the terrestrial atmosphere. Very dense agglomerations of vapours in the 
vesicular state, dark clouds intercepting the luminons rays of the body of 
the Sun, will appear to us as spots on its disk. 

A. cloud, once formed, becomes a screen to the upper regions, hence a 
cooling down of these regions, and the formation of # lighter cloud-screen, 
less opaque, and which as seen from the arth will present the appearance 
of the penumbre which surround the spots. 

According to this hypothesis, the apparent changes which the spots 
undergo in moving from the border to the centre, or vice versd, are explained 
also by an effect of perspective, which fig. 17 will convey to our readers. 

Seen in ground-plan’ on the centre of the Sun, the spot will seem 
to occupy the middle of the penumbra; but in travelling towards the 
border part of the upper cloud situated towards the centre will be pro- 
jected on the dark nucleus, and will be confounded with it, whilst the 
portion of the same cloud towards the lim) will apparently increase by 
exposing to view the thickness of the light cloudy mass which overlies the 
darker one.* 

This theory has been put forward in support of some recent discoveries 
of great importance to which we must now call attention. 


presented by the light emanating from the borders of the Sun. Hence Arago con- 
cluded that the luminous surface of the solar globe consists of gas in a state of 
ignition. But this does not preclude that the interior nucleus may be liquid, that 
is to say, composed of mineral substances in a state of fusion. 


* It has been said that the second theory leaves some important facts without 
explanation. It accounts neither for the existence of faculm, nor for the granu- 
lations. One does not see also why spots should not be found near the poles, or 
why, when a spot disappears, the penumbra still subsists after the disappearance of 
the nucleus. It does not explain the difference which exists between the spots 
without penumbre and the penumbre deprived of umbre. Besides, a general fact 
of observation, which seems inexplicable if the spots are clouds in suspension in the 
solar atmosphere, is, that the spots always disappear a little before they.reach the 
limb, when, according to this hypothesis, they should invariably notch it. 
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Every one is acquainted with the glorious coloured band called ‘ the 
spectrum,’ which is produced by the decomposition of white light by 
means of a prism. Every one knows, too, that, besides the seven primary 
colours, there is in the spectrum of sunlight a multitude of dark lines, 
which completely divide the coloured bands in the direction of its breadth. 
By comparing these dark lines with the brilliant lines of the different 
spectra of the light given out by the flames of different metallic sub- 
stances, philosophers have arrived at the knowledge, that the light 
emitted by the luminous nucleus of the Sun must traverse, before it 
reaches us, an atmosphere charged with certain metallic vapours. The 
nature of these vapours even has been determined with precision; and 
‘spectrum analysis,—the name devoted to this new and already fertile 


' 
‘ 
H 
im 
th 
J 
H 
1h 
t4 
i 
¢ 
5 





Or ee ne new w ecco nammawas 


Fig. 18.—Explanatign of Sun-spots on Kirchhoff'’s hypothesis. 


branch of science,—teaches us that the solar atmosphere contains, in the 
metallic state, vapours of sodium, iron, nickel, copper, zinc, and barium. 
The presence of cobalt is doubtful. The presence of gold, silver, mercury, 
lead, tin, or silicium, so abundant in the terrestrial crust, or of arsenic, 
antimony, strontium, cadmium, or lithium, has not yet been proved. As 
the six metals of the first series exist in the Sun's atmosphere, they must 
also exist in the very body of the Sun. 

Here we have, then, a wonderful instance of a celestial body, 
separated from us by an enormous distance, the constituents of which 
are studied in their most minute detail,—analysed, if one may s0 say, 
with the same certainty as if they were put into one of the crucibles of our 
chemical laboratories. We shall have more to say about spectrum 
analysis when we try to answer the question, ‘ What is a star ?’* 


* According to the recent experiments of Mitscherlich it is the pure metals, not 
their chemical combinations, which exist in the solaratmosphere. The bodies which 
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[The first important point in the evidence obtained in recent times is, 
that the Sun spots are cavities; this supports the notion held by astro- 
nomers, and is opposed to an important statement made by Kirchhoff. 
Astronomers, doubtless, would have sooner asserted the small mean density 
of the Sun and its enormous heat in support of the evidence of their 
telescopes, if they had not so long held to the theory of the cool and 
habitable globe underneath. So that Arago’s deduction from his ex- 
periments on the polarisation of the Sun’s light—a deduction which 
supported the theory of the gaseous nature of the photosphere from a new 
point of view—was doubly welcome. 

M. Faye has removed the grounds for Sir John Herschel’s ob- 
jection to this experiment, and has shown, moreover, that it can 
be reconciled with Kirchhoff’s spectroscopic one. He considers the 





Fig. 19.—Solar cyclone, May 5th, 1857. (Secchi.) 


formation of a photosphere to be a simple consequence of cooling, 
and lovks upon it, in fact, as the limit which separates the intense 
heat of the interior portions of the Sun from the vacuum and cold of 
Bpace. 

From this point of view, the beautiful experiments of Arago and 
Kirchhoff are seen to be no longer contradictory. The term incandescent 
gas was not used by Arago in the sense attributed to it now. The flame 
he used was that of an ordinary gas-jet, and not the obscure one of a 
Bunsen’s burner, or of a simple gas. Incandescent molecules diffused in a 
gaseous medium, itself heated to a high temperature, give a continuous 


support combustion,such as oxygen and chlorine, do not exist in it, or if they do, 
they are mixed with combustible bodies in a state of dissociation, of which we have 
examples when these bodies are raised to a very high temperature. 
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spectrum, with the exception of the dark lines due to the absorption of 
the medium.* : 

The formation of the photosphere enables us to account for the spots 
and their movements. The successive layers are constantly traversed by 
vertical currents, both ascending and descending. In this perpetual 
agitation we can readily imagine that where the ascending current becomes 
more intense, the luminous matter of the photosphere is momentarily 
dissipated. Through this kind of unveiling it is not the solid cold and 
black nucleus of the Sun that we perceive, but the internal ambient, 
gaseous mass, of which the radiating power at the temperature of the 
most vivid incandescence is so feeble, in comparison to that of the 
luminous clouds of the non-gaseous particles, that the difference of these 
powers suffices to explain the striking contrast between the-two tones 
observed in our telescopes. | 

[Kirchhoff may be said, however, to have overthrown AM. Faye’s 
theory by showing that it is not in accordance with the well-known law 
called ‘the theory of exchanges,’ according to which the radiating and 
absorbing powers of the same body are strictly complementary. ‘M. 
Faye imagines,’ he reasons, ‘that the nucleus of the Sun is even hotter 
than the photosphere, and yet dark. He conceives this nucleus to be 
gaseous, and because gases have but slight radiating powers, he imagines 
that these two properties can both appertain to the solar nucleus. But 
from the proportion which holds between the radiating and absorbing 
powers of bodies, it follows inevitably that, even if the hight emitted by 
the nucleus were altogether imperceptible by the eye, the nucleus, what- 
ever its nature, would be transparent ; so that we should see through the 
opening in that half of the photosphere turned towards us the inner 
side of the other half (viewing i€ through the whole of the solar nucleus), 
and we should recognise no sign whatever of the existence of an opening.’ 

Even more decisive is the evidence supplied by the spectroscope. For 
the spectrum of the umbra of a spot should, according to M. Faye's 
theory, exhibit bright lines, superposed, perhaps, on a faint continuous 
spectrum ; but, instead of this, the spectrum of the umbra has been shown, 
by Professor Young, to differ chiefly from the spectrum of the photosphere 
in the increased strength of certain dark lines, From this observation 
(which has been confirmed by Secchi and others) it follows conclusively 
that the spots are regions of increased absorption —R. A. P.] 

Mr. Herbert Spencer’s remarks as to possible causes of solar spots are 
very valuable; for, whatever theory of their formation be the true one, it is 


[* The researches of Frankland, however, throw doubt on this conclusion. He 
has been able to show that increase of atmospheric pressure alone suffices to cause 
an increase in the brilliancy of a flame. A candle burning at the summit of a lofty 
mountain, for instance, is much less Inminous than one burning near the sea-level ; 
yet the difference is not due to any difference in the rate of combustion. This is 
proved by the fact that a candle loses in a given time the same amount of weight 
whatever the level at which it burns.—N. A. P.] 
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certain that the rapid formation of tne spots, their movements, and their 
disappearances, indicate meteorological phenomena on the most gigantic 
scale, of which the imagination can scarcely form an idea. Immense 
cyclones pass over the surface of the Sun with fearful rapidity, as is rendered 
evident by the form and changes of certain spots, as observed by Secchi 
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Fig. 20.—Change in the shape ofa Sun-spot, October 27, 29, 31, and November 2. (Dawes.) 


and others. In one instance, recorded by Mr. Dawes, the rotation of a 
spot amounted to 110° in six days. 

Here also (fig. 20), in a series of sketches representing a spot as 
observed by Mr. Dawes, is abundant proof of the rapidity of these move- 
ments. The form here indicates clearly the cyclones of which we are about 
to speak: although in a manner less precise than in fig. 19. It should, 
however, be added, that these cyclonic spits are somewhat rare. 
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The spot figured at page 41, also afforded remarkable evidences of 
rapid change, which seems to put the cloudy nature of the Sun’s photo- 
sphere beyond all doubt.* It was a spot of the normal character, by no 
means cyclonic, but with a tongue of what appeared to be a portion of 
facula, stretching half way into the spot. When the observation com- 
menced, about half-past eleven on the date given, the tongue of facula was 
extremely brilliant ; by one o clock, it had become apparently less brilliant 
‘than any portion of the penumbra. At the same time it seemed to be 
‘giving out,’ at its end, and a portion of the umbra between it and the 
penumbra appeared to be veiled with a stratus cloud evolved out of it. 
After a time, condensation seemed going on on the following portion of the 
cloudy mass. So that a very brilliant mass of what appeared to be faculz 
gradually melted away into umbra, and then the umbra condensed again ; 
three or four cloud-masses on the inner edge of the penumbra were observed 
to detach themselves from it at different 
points, and to traverse the umbra towards 
the centre of the spot. 

It has Jong been taken for granted that 
there are upward and downward currents on 
the Sun. And this down-rush into a spot 
seems proved, for the first time, so far as we 
know, by the observations to which we are 2 
alluding. The fact, also, that this down-rush — pi, 91. —cioug-masses detaching 
was accompanied by first a dimming and — themselves from the penumbra, 

f ‘ y faint one at F. 
then a melting of the cloud-masses carried 1865, April 2, 12% 30™, 
down, was also thought to be established.+ 

The cloud-masses, in one region of the penumbra, were also seen to 
change the direction of their longer axes in about three-quarters of an hour 
with regard to the centre of the spot, in fact they turned round bodily 
through a considerable angle. Others, projected on the umbra, gradually 
melted away out of sight. One cloud-mass was distinctly observed to set 
sail, as it were, over the umbra, and it had travelled a considerable distance 
when the observations were terminated. 

It would seem from these observations, that there is a running down 
of the shape, as if the cloud-mass seen on the general surface of the Sun 
were gradually drawn out in its journeying towards the umbra. 

Mr. Spencer, basing his reasoning on terrestrial analogies, thus accounts 
for the spots. The central region of a cyclone must be a region of rare- 
faction, and consequently a region of refrigeration. In an atmosphere of 





* ‘Monthly Notices, Royal Astronomical Society,’ 1865, p. 236. 7 

+ [While the first edition of this book was passing through the press, Messrs. 
De La Rue, Stewart, and Loewy, were publishing a paper in which a new theory of 
Sun-spots is discussed, which is confirmed by the above observation. It seems at the 
same time in accordance with other facts. In this paper all differences of luminosity 
on the surface of the Sun are referred to the same cause, namely, the presence to a 
greater or less extent of a comparatively cold absorbing atmosphere.—B. §S. ] 
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metallic gases rising from a molten surface, and reaching a limit at which 
condensation takes place, the molecular state, eapecially towards its upper 
part, must be such that a moderate diminution of density and fall of 
temperature will cause precipitation: that is to say, the rarefied interior of 
a solar cyclone will be filled with cloud ; condensation, instead of taking 
place only at the level of the photosphere, will here extend to a great 
depth below it. It will be seen that Mr. Spencer, as opposed to Kirchhoff, 
not only accounts for the formation of a cloud, but places it where the 
objections made to Kirchhoff’s clouds do not hold good. He next shows 
that a cloud thus oceupving the interior of a cyclone will have a rotatory 
motion; and this accords with observation. Being funnel-shaped, as 
analogy warrants us in assuming, its central parts will be much deeper 
than its peripheral parts, and therefore more opaque. This, too, corre- 
sponds with observation. Nor are we, on this hypothesis, without some 
interpretation of the penumbre. If we may suppose the so-called ‘ willuw- 
leaves’ to be the tops of the currents ascending from the Sun’s body, what 
changes of appearance are they likcly to undergo in the neighbourhood 
of a cyclone? For some distance round a cyclone there will be a 
drawing-in of the superficial gases towards the vortex. All the luminous 
spaces of more transparent clouds, forming the adjacent photosphere, will 
be changed in shape by these centripetal currents; they will be greatly 
elongated ; and those peculiar aspects which the penumbra presents will 
so be produced. 

We must now, however, pass from this part of our subject—interesting 
as it is,—and we can do so full of hope, for never before was it engaging 
the attention of so many minds. | 


In examining with care the contour of the solar disk when the Moon 
interposes between it and the Earth, as in the case of a total eclipse, there 
have been observed in the luminous aureola which envelopes the lunar 
disk several very curious prominences—some in form of mountains, others 
of boomerangs, others resembling columns, the upper part of which ap- 
peared out of the perpendicular; others, again, entirely detached from the 
disk, seem to float like immense clouds in the atmosphere of the Sun. 

The total eclipse of the 18th of July, 1860, furnished most valuable 
information relating to these strange phenomena, and the magnificent 
photographs taken by Mr. Warren de la Rue on that occasion showed 
clearly the aspect of the reddish prominences we have just described. 
Astronomers hesitated long between opposite explanations, some only 
seeing in these appearances effects produced by the interposition of the 
Moon, others believing in the objective reality of these phenomena, and 
looking upon them as agglomerations of matter resting on the Sun, or 
suspended in the external atmosphere which surrounds it at a certain 
distance. In 1860, all doubts as to their belonging to the Sun were 
_ Temoved, but astronomers were not much nearer to an explanation of them. 
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Some looked upon them as clouds, others as solar aurore. The fact that 
they had been seen all round the limb of the Moon, that they were found 
to exist in all regions near the poles in the same manner as at the equator, 
seemed to negative all idea of their being in any way connected with the 
spots or with the causes which give rise to them, although at first the 
opinion was entertained by some that they were in some manner correlated. 

[But, during and since the great eclipse of August 1868, much light 
has been thrown upon the subject of these strange objects. 

Until the epoch of this eclipse the light of the prominences had not 
been submitted to spectroscopic analysis; and much was anticipated from 
the use of that powerful mode of research in 1868. Few, however, eguld 
have anticipated how important a series of discoveries would be initiated by 
the observations made in this way. 

Major Tennant, Lieutenant Herschel, M. Janssen, and M. Rayet, 
observing the eclipse at different stations, all succeeded in determining the 
nature of the spectrum belonging to the prominences. This spectrum 
consists of bright lines, indicating that the prominences are formed of 
glowing gas. Major Tennant counted five lines, which his measurements 
led him to associate with the bright lines belonging to hydrogen and 
sodium. Licutenant Herschel saw three lines,—red, orange, and blue. 
Janssen saw five or six lines, two'of which (red and bluc) he associated 
with the bright lines of hydrogen. M. Rayet saw nine lines, five of 
which appeared much more conspicuous than the others. 

But the most important result of the eclipse-observations remains to 
be noticed. 

M. Janssen, even while his obscrvations were in progress, felt convinced 
that he should be able to see the bright lines when the Sun is not eclipsed ; 
and on the following day he succeeded in doing this. He could thus 
determine where there were prominences, and even the shape of such pro- 
niuinences, as satisfactorily as though the Sun were eclipsed. ‘I have 
enjoyed to-day,’ he said, ‘a continuous eclipse. 

Before the news of his success reached Europe, the same method 
had been applied by Mr. Lockyer. After the discovery by Mr. Huggins 
that the temporary (or rather variable) star which shone out in the con- 
stellation Corona in May 1868, had a spectrum in which bright lines were 
conspicuous, the idea occurred to spectroscopists that, if bright lines 
could be discerned in the spectrum of a star, they might be visible also in 
the solar spectrum. More particularly it was thought that, if the prominences 
consist of glowing gas, the bright lines corresponding to the gaseous con- 
stituents of the prominences might be visible, even though the prominences 
themselves cannot be seen. The light of the prominences is far feebler 
than that of the illuminated terrestrial atmosphere near the solar limb ; 
so that any plan for merely reducing the light of that atmosphere 
obliterates the prominences altogether. But the spectroscope acts dif- 
ferently. It spreads the light of the atmosphere into a rainbow-tinted 
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streak, while it resolves the light of the prominences into a few 
coloured lines. When we increase its dispersive power, the rainbow- 
tinted streak is lengthened and made proportionately fainter, whereas the 
coloured lines are thrown further apart without being diminished in bright- 
ness. It is only necessary to increase the dispersion up to a certain point 
in order that the coloured lines belonging to the prominences may be visible 
on the background formed by the rainbow-tinted streak. 

The new method has confirmed the discovery which Leverrier and 
Secchi had made in 1860,* that the solar photosphere is covered by o 
layer of gaseous matter, of which the prominences are but the most 
elevated portions. This layer the title is commonly ealled the sierra, 
but sometimes the chromosphere (or by purists, the chromotosphere). 
It has been found by Prof. Young of America, that at times the spectrum 
of the sierra shows many more bright lines than that of the prominences, 
or, at least, of their more elevated portions. 

The new method has also enabled observers to decide the question of 
the position of the bright lines: for as these are brought into juxta- 
position with the dark lines of the solar spectrum, it is easy to see whether 
they coincide or not. In this way the lines which had been assumed to 
indicate the presence of glowing hydrogen in the prominences, have been 
found nearly to correspond to the hydrogen lines in the solar spectrum. 
But the bright line supposed to indicate the presence of sodium has been 
found not to accord with the sodium line in the solar spectrum. 

I-ven these results, however, were surpassed in interest and importance 
Ly one which yet remains to be described. Ly the new method, the 
place and shape of the prominences could be determined, indeed, but the 
protminences could not be actually seen. It was much as thongh one 
were to determine the position and shape of a distant mountain by looking 
in different directions through a long slit in an opaque screen, which 
permitted only a long strip of the mountain to be visible at each instant. 
It occurred to Mr. Huggins that if the slit of the spectroscope were opened, 
s0 that instead of the bright-coloured lines bright-culoured images of the 
prominences were formed, these might be visible notwithstanding tlic 
resulting increase in the brightness of the rainbow-tinted background. 
He found that with the dispersive power at his command this did not 
happen, but by using a deep-coloured ruby glass, which absorbed nearly 
all the light but that coming from the part of the spectrum near the red 
hydrogen line, he was able to see the red image of a prominence. 

Afterwards, Zullner, Lockyer, and others, using the greater dispersive 
power, succeeded in seeing the prominences without using any absorbing 
medium. The Italian astronomer, Respighi, speaks as follows respecting 
the prominences :— 


In the circumpolar solar regions, great prominences are not formed, 


* Before this Grant and Swann lad susncc‘ed t: e existence of such a layer. 


48 THE SOLAR SYSTEM. 


but only small and short-lived jets. In the spot-zone the great promi- 
nences are seen, the equatorial, like the polar zones, being regions of 
relatively small activity. Where facule are present, prominences are 
usually seen, but they are not identical with facule. Over spots the jets 
are seen, but they are not high. ‘There is a great difference in the dura- 
tion of prominences. Some develope and disappear in a few minutes ; 
others remain visible for several days. ‘They originate, generally, in 
rectilinear jets, either vertical or oblique, very bright and well defined. 
These rise to a great height,—often to a height of at least 80,000 miles, 
and, in one instance observed by Respighi, to twice that height,—then, 
bending back, fall again upon the Sun like the jets of our fountains. 
Then they spread into figures resembling gigantic trees, more or less rich 
in branches. In general, the highest parts are the regions of the most 
remarkable transformations. 

Respighi and Zullner agree in thinking that the well-defined bases of 
these jets prove them to be due to eruptions taking place, not through gas, 
but through a compact substance forming a sort of crust (Zdllner’s 
‘Trennungschicht’). Respighi considers that the expelling force may be 
due to electric action, but Zéllner is disposed to regard it us due rather to 
the compression of the imprisoned gas; and he applies this theory to form 
an estimate of the temperature and pressure of the Sun’s surface-layers. 

The substance of prominences is often agitated by cyclonic motions 
of a surprising nature, the velocity of these solar wind-storms amounting 
sometimes to as much as 120 miles per second. 

The researches of Plucker, Wiillner, Frankland, and others, into the 
nature of the hydrogen spectrum under various conditions of pressure and 
temperature, serve to show that the pressure near the base of solar atmo- 
sphere is not nearly so great as the pressure of our own atmosphere near 
the sea-level. This would seem to dispose of the theory that the corona 
seen during total eclipses is an atmosphere of the Sun; for in that case 
the pressure at the Sun’s surface could scarcely fail to be enormously 

greater than it is observed to be. Some therefore held, until lately, that 
the corona is not a solar appendage at all, but due to the passage ‘ of the 
Sun’s rays through our own atmosphere near the Moon’s place,’ some 
action on the rays as they pass near the Moon causing them to be deflected 
into the region of the terrestrial atmosphere which is illuminated (according 
to this hypothesis) during total solar eclipses. But it has been now 
demonstrated that the corona is a solar appendage, though its true nature 
as such remains still to be determined.—R. A. P.] 

[The solar corona (see Book IT., part 11) comes next to be considered. 
Various theories have been propounded respecting this phenomenon. In 
former times (and by ill-informed persons in reccnt times) it was regarded 
as a terrestrial phenomenon, due to the passage of the solar rays through 
our atmosphere. Others ascribed it to the effects of a lunar atmosphere. 
Recent observations show, however, that it is a true solar appendage. 
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The evidence obtained during recent eclipses ia thus summarised by 
Mr. Proctor, in the latest edition of the Encyclopedia Britannica :-— 

‘ During the solar eclipse of August, 1869, the American astronomers, 
Young and Harkness, discovered that the spectrum of the corona is dis- 
continuous (or that, ‘at least, 2 portion of its light gives a discontinuous 
spectrum). Certainly one and probably three bright lines appeared in 
the spectrum as they saw it, though the faintness of two of the three lines 
raised some doubt on the question, Whether they belonged to the corona ? 
During the eclipse of December, 1870, Young renewed his observations 
successfully, and other observers succeeded in seeing the bright-line spec- 
trum of the corona. Young thus sums up the results of his own and 
other observations :—‘ There is,” he said, ‘‘ surrounding the Sun, beyond 
any further reasonable doubt, a mass of self-luminous gaseous matter, 
whose spectrum is characterised by the green line, 1474, Kirchhoff. The 
precise extent of this it is hardly posgible to consider as determined, but 
it must be many times the thickness of the red hydrogen portion of the 
chromatosphere, perhaps on an average §’ or 10’, with occasional horns of 
twice that height. It is not at all unlikely that it may even turn out to 
have no upper limit, but to extend from the sun indefinitely into space.” 

‘It was during this eclipse that, for the first time, photography gave 
convincing evidence respecting the corona. Mr. Brothers, at Sicily, and 
Mr. Willard (an American photographer), in Spain, obtained views which, 
though differing in extent, accorded so well in those parts which were 
common to both, as to leave no doubt that the corona is a solar and not a 
terrestrial phenomenon. A singular V-shaped gap, common to both 
the photographs, and seen also by several telescopists, attracted particular 
attention, and was regarded by the late Sir John Herschel as in itaclf 
demonstrative of the fact that the corona is a solar appendage. 

‘It was not, however, until the solar eclipse of December, 1871, that 
the evidence on this point became so convincing as to satisfy even those 
who had most strenuously maintained the theory that the corona is merely 
a phenomenon of our own atmosphere. ‘The spectroscopic and the photo- 
graphic evidence were alike important. Janssen, with the spectroscope, suc- 
ceeded in recognising, besides the bright lines already seen, others less bright, 
but manifestly belonging to the corona. He also perceived a faint continuous 
spectrum, crossed by dark lines, and therefore presumably due to reflected 
solar hight, which, since our upper air near the sun’s place, in total eclipse, 
is demonstrably not illuminated by sunlight, can have come only from 
matter in the true corona, such as meteoric flights, vapour clouds, or the 
like, capable of reflecting the light of the Sun. The photographers met 
with equally decisive success. Lord Lindsay’s photographer, Mr. Davis, 
obtained a series of five pictures of the corona at successive stages of the 
totality, two of which were excellent and the remainder good. All these 
agreed perfectly in all respects, save only in the extent of the visible corona 
(depending, of course, on the conditions of illumination). It was demon- 
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sttated, therefore, that the features of the corona do not change during the 
progress of the eclipse at any given station; hence the corona cannot be a 
phenomenon depending on the passage of light-rays athwart inequalities 
of the moon’s limb. For whether we regard such rays as illuminating 
eur own atmosphere or matter between the Earth and the Moon, the 
illumination would necessarily vary markedly, as the motions of the Moon 
shifted the inequalities of her limb progressively athwart the light-rays. 
Again, Colonel Tennant obtained a series of six photographs (five of which 
were very good), agreeing perfectly (always excepting differences of extent) 
with those obtained by Lord Lindsay’s photographer. Now Oolonel 
Tennant’s station was at Dodabetta, near the highest peak of the Neil- 
gherries, more than 10,000 feet above the sea level; while Mr. Davis was 
stationed at Baicull, close to the sea-shore, and hundreds of miles from 
Tennant’s station. The agrecment of two series, taken under such diverse 
circumstances, proves to demonstration that the photographers were not 
dealing with the illumination of matter in the upper regions of our atmo- 
sphere, no matter under what circumstances illuminated. Later, indeed, 
it was found that photographs, taken at Java, gave precisely the same 
features; so that, as Colonel Tennant remarks in the latest communication 
on the subject (Monthly Notices of the Astronomical Society for June, 
1873), no one now supposes the corona to be other than a solar phe- 
nomenon.’—R. A. P.] 

One word now on the intensity of Sun-light. This intensity is not 
the same in all parts of the disk. The edges are less Iuminous than the 
centre, aud Arago valued at one-fortieth the difference of their intensity, 
which is much more considerable according to other astronomers, Faye 
among the number. 

[ This fact, fully established for the luminous rays given out by the 
Sun, applies also to the chemical ones ; but with this difference, that where- 
as the light, broadly speaking, diminishes regularly and very gradually, 
from centre to border, the chemical brightness is much more ‘ patchy,’ so 
to speak. Professor Roscoe, by receiving the image of the Sun on a 
properly prepared photographic plate, has observed remarkable differences 
of this kind; and, with Mr. De La Rue, is inclined to attribute to them 
some connexion with the phenomena of the red prominences to which we 
have before drawn attention. 

The gradual diminution of both the Sun’s luminous and chemical 
brightness towards the limb indicates without doubt the existence of an 
atmosphere enveloping the body to a great distance.* And it is in 
this envelope, as we have said, that the red clouds observed in total 


eclipses float. 
According to Sir W. Herschel, the general brightness of the disk 


* [Not necessarily to a great distance. Indeed it is easily seen that the greater 
the observed diminution, the shallower the atmospheric envelope must be, and the 
greater its absorbing power.—R. A. P.] 


‘ re! ‘ t it 7 Dy FY 
TAR 
: 4 by 


being represented by 1000, that of the penumbra apne: more than 469, 
and that of the darkest portion of the nucleus as low as.7. 

Considered in each of these points of view, the solar light as it arrives 
on the surface of the Harth, is, according to Arago, at least 16,000 times 
iore intense than the flame of a ee ia eet sega | 

: ‘ Astronomie Popuiaire, 11. 
of the battery employed,’ he adds oe Pr spiro eee ae 


is found that the electric light vari itietl t 
quarter of that of the Sun.’ So much for the comparative intensity of 


Sun-light. ; 
"Chi ith the brightness of the full Moon, the light of the Sun, 


Compared w 
according to Wollaston, is 800,000 times brighter than that of the lunar 


disk ; in other words, 800,000 full Moons would be required in the heavens 
to produce a day as brilliant as that illuminated by a cloudless Sun. [But 
the more exact experiments of Zéllner show that the Sun’s light exceeds 
the moon’s about 620,000 times—R. A. P.] 

As to the origin of this light, some, as we have seen, attribute it to the 
incandescence of a gaseous mass, others to that of a solid or liquid nucleus. 
Other savants again, among whom we must class Sir J. Herschel, regard 
the solar light as having an electro-magnetic origin, rather than arising 
from the combustion of solid, liquid, or gaseous matter ; it is, according to 
them, a perpetual aurora. 

From the intensity of the light, let us pass to the intensity of solar 
heat. Without any doubt, this heat must be enormous on the surface of 
the Sun; and, if we base our estimation on the law of decrease of radiant 
heat, the conclusion is arrived at that its intensity is about 300,000 times 
vreater than that of the heat received on a given point on the surface of 
the Earth. The quantity of heat, incessantly radiated into space by the 
Immense focus of our system, has also been calculated. The following 
comparison made by Sir J. Herschel will give an idea of its calorific 
activity. Let us imagine a cylindrical pillar of ice, 45 miles in diameter, 
to be continually darted into the Sun, and that the water produced by its 
fusion is continually carried off. In order that the heat given off con- 
stantly by radiation should be wholly expended on its liquefaction, it 
would be necessary to plunge the cylinder of ice into the Sun with the 
velocity of light, or, in other words, the heat of the Sun can, without 
diminishing its intensity, melt in a second of time a pillar of ice 1590 
sjuare miles at its base, and 194,626 miles in height. 

As with the luminous and chemical rays, so with the heat-rays there 
is a difference in the calorific intensity of the centre and limb, the radia- 
tion being greatest from the centre. The polar regions, also, ara colder 
than the equatorial ones; and Secchi has shown that less heat is radiated 
from the spots than by other portions. 

It has been held that there exists a close correlation between the 
‘periods of maximum and minimum of the solar spots and the Earth’s 

emperature. There is no doubt an intimate relation existing between 
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them and the Earth’s magnetism. This has been proved by delicate 
researches extending over a long period of years, carried on by such 
physicists as Major-General Sabine, the President of the Royal Society of 
London, Schwabe of Dessau, and Wolf of Zurich. 

[Thus we come upon another bond of union between the different 
members of our system besides gravitation, and there is good reason for 
believing that our luminary was once caught in the act of creating a 
magnetic disturbance on our Earth. On the 1st of September, 1859, two 
astronomers, Messrs. Carrington and Hodgson, were independently 
observing a large spot, when they noticed a very bright star of light 
suddenly break out over it, moving with great velocity over the Sun’s 
surface. At the same moment the magnetograph at Kew, where all the 
changes in the Earth's magnetism unceasingly register themselves, was 
violently affected. ] 

A question of great interest, of which a solution has lately been 
attempted, is that of the permanence or the decrease of the solar heat in 
the course of ages. 

Professor William Thomson has enunciated the idea that the solar 
temperature is constantly sustained by a fall of meteorites, the motion 
of which is transferred into heat at the moment of impact. Whether this 
theory be true [and we believe Professor Thomson has abandoned it*], 
or whether the solar globe loses its heat year by year, it is perfectly 
certain that there will be still sufficient heat left to support life on the 
earth and the other planets for millions of years to come —a perspective 
view which in truth is very consoling. 

The question of the habitability of the Sun has also been agitated; on 
the hypothesis which makes of this body an incandescent globe, the 
answer can only be in the negative. We have no idea of an organised 
being capable of living in a temperature so enormous. Questions of this 
kind will never be resolved categorically ; their solution, whatever it may 
be, will remain eternally to humanity in the domain of the probable. But 
what we must acknowledge, what ought to strike our minds, now so much 
evidence has been placed before us, is the varied and continual influence of 
the Sun on the conditions of existence on the surface of our globe. 

He acts on the Earth by his mass, whether he maintains it in its orbit 
at distances the variation of which is regulated by inflexible laws, or 
combines his action with that of the Moon, to produce the semi-diurnal 
oscillatory movement of the waters of the ocean,—the tides. The heat of 


* [The strongest evidence in its favour has, however, been discovered since Sir 
W. Thomson expressed doubts respecting its validity. We refer to the discovery 
that the meteor-systems encountered by the Earth travel for the most part in orbits 
of remarkable eccentricity, instead of nearly circular orbits, as has been surmised. 
It is certain, however, that only a small portion of the Sun’s heat-supply can be 
accounted for in this way. A most considerable portion may be accounted for, as 
Helmholtz has suggested, by the distribution of heat corresponding to the gradual 
contraction of the Sun’s volume.—R. A. P.] 
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the solar rays is the principal cause of the perturbations of equilibrium of 
the atmospheric strata. It is that which gives rise to the wind, to the 
atrial and marine currents, to the evaporation of the water of the rivers, 
of the lakes, of the sea, and which produces a continual circulation of fluids 
on the surface of the planet. This action is thus found to be the cause of 
the secular modifications of the geological strata, by the slow but increasing 
denudation of the rocks, and by the transport of material due to currents. 
It is the heat and the light of the Sun which everywhere distribute life 
to the beings of the vegetable and animal world. ‘ At one time,’ says 
Humboldt in his Cosmos, ‘its action manifests itself tranquilly and in 
silence, by chemical affinities, and determines the divers phenomena of life, 
in vegetables by the endosmosis of the cellular wall, in animals in the tissue 
of the-muscular and nervous fibres; at another it fills the atmosphere with 
thunder, waterspouts, and hurricanes. ‘The light-waves do not act only 
on the world of matter; they do not confine themselves to decomposing 
and recomposing substances; they do not merely draw from the bosom of 
the Earth the delicate germs of plants, and develope the green matter or 
chlorophyl in the leaves; they do not simply tinge the odorous flowers, 
or repeat thousands and thousands of times the image of the Sun, in the 
midst of the graceful break of the waves, and on the light stems of the 
prairie, bent with the breath of the winds. The light of heaven, according 
to its varying degrees of duration and brilliancy, is also in mysterious 
relation with the inner man, with the development more or less decided of 
his faculties, with the gay or melancholic disposition of his mind. This 
is what Pliny the Elder referred to in these words: * (urli tristitiam dis- 
cutit sol, et humani nubila anini serenat,’ * 


* ©The Sun chases sadness from the sky, and dissipates the clouds which darken 
the human heart.’ 


BOOK THE SECOND. 
THE PLANETS. 


Were have scen that round the Sun—that immense focus of light and 
heat—revolve at different distances, and in widely varying periods, a 
multitude of secondary bodies, and among them our Earth. Sometimes 
solitary, sometimes arranged in groups which reproduce in miniature the 
Solar System itself, these bodies form so many distinct worlds of which 
the dimensions, distances, iovements, form, structure, and physical con- 
stitution, deserve a separate examination and study. 

This study will now occupy us. The numerous phenomena of which 
these worlds are the theatre— phenomena observed by our astronomers 
as each planct has glided past us—not only make us acquainted with 
the mechanism of the system as a whole, but permit us also to examine 
somewhat closely into the details of the physical organisation of each of 
these bodies. 

If we look through the most powerful telescopes, we shall see the form 
of the planets and their characteristic features; and the markings visible 
on their disks will tell us if they rotate, and what is the duration of their 
day and night. The forms and dimensions of the orbits, and the periods 
of revolution, will give us precise information respecting the succession of 
seasons and climates, and the lengths of their years. Even the climatic 
variations will be partly revealed to us by the dezree of inclination of the 
axis of rotation to the plane in which the body moves round the Sun. 

The presence of satellites will 1.0t offer less interest, whether we cun- 
sider the partial illumination of the planet's night, caused by the reflection 
from the illuminated faces of these—in their turn —secondary planets, or 
the eclipses, necessary consequences, occurring more or less frequently, of 
the interposition of an opaque body between the illuminated disk of the 
planet and the source of light. 

We shall encounter the Earth in our wanderings through the planetary 
spaces. ‘I'he study of the astronomical phenomena which relate to it will 
afford assistance by no means to be despised in enabling us to comprehend 
the analogies and differences which these phenomena present in the various 
planetary worlds. 

Starting, then, our journey from the Sun, we shall visit in succession 
all the bodies which revolve round him, following the most natural order, 
that of their distances. 


MERCURY. 66 


I. | 
MERCURY. 


Apparent Movement and phases—Distances from the Sun and Earth—Form and 
Dimensions; its Transit across the Sun‘s disk—Length of Day and Night, Sea- 
sons and Climates—Equatorial Belts, Atmosphere and Mountains of Mercury— 
Mass, Density, and Force of Gravity on its surface. 


Wuen the sky is clear, and the atmosphere at the horizon is not too 
much charged with vapour, there may be perceived sometimes in the 
evening, after the setting of the Sun, a star, whose brilliant twinkling light 
renders it conspicuous in the ruddy and faint glimmer of twilight. Its 
apparent clevation above the horizon, at first small, increases little by little 
each evening, but it never recedes from the Sun more than 29%* 

This star is the planct Mercury. 

Tf we continue to observe it on favourable evenings, it will be eeen 
finally to approach the Sun, and, lost in the dazzling brightness of his 
ravs, set with Jim. 

sume days after, in the morning before sunrise. the same star, again 
emerging from the Sun's rays, will rise earher and earlier, mounting day 
by day to a higher elevation above the horizon: the maximum of this to 
the east will be precisely eyual to that it formerly attained to the west. 
At last it begins to retrograde, approaching the Sun, until the moment 
when it again disappears in his rays. Mercury accomplishes then,-in this 
manner, & complete revolution round the Sun; to us it appears like an 
oscillation, and one which it repeats continually; {ts duration varies 
between 106 and 170 days. 

The ancients, who did not know the true system of the world, deceived 
by the double appearance cf Mercury, sometimes after the setting and 
sumetimes before the rising of the Sun, believed at first that two distinct 
bodies were in question; they named one Apollo, god of day and light, 
and the other Mercury, god of thieves. The Indians and the Egyptians 
also gave it two different names. But observers remarked, at last, that 
one only of the two bodies was visible at the same time, and that the 
appearance of the one coincided very nearly with the disappearance of 
the other. ‘I'o conclude their identity from this fact was not a difficult 
matter. 

If, instead of confining ourselves to naked-eye observations,—which, 
by the way, are by no means easy—we employ a telescope of pretty high 


* Nor does it always attain this distance from the Sun befure commencing its 
return towards that lumizary ; its greatest elonzation sometimes not exceeding 15”. 
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magnifying power, it will be found that the form of the planet varies 
according to the time of observation. This remark also holds good with 
its apparent size. 

Let us speak first of its form. Mercury, in the course of one of its 
oscillations, presents phases analogous to those of our Moon. It is at 





Fig. 22.—Phases of Mercury when scen after sunset. 


rst a luminous disk, nearly circular, which by degrees is reduced o 
e side towards the east, until not more than a half-circle is visible a 
e period of its greatest apparent distance from the Sun; the crescer 
rm henceforward characterises it more and more, until it is only visibl 
a fine luminous thread. We give some of these phases. The progres 
ve increase of its apparent dimensions is also shown in exact proportion. 





Fig. 23.— Phases of Mercury, when scen before sunrise. 


The same appearances are observed, but in inverse order, when 
Mercury is observed during the period in which he is a morning star. 

It is easy to account for these facts which observations have placed 
before us. The phases prove that Mercury has the form of a spherical 
globe, which is not self-luminous. Its movement round the Sun places it, 
relatively to the Earth, in a series of very different positions, and shows us 


MERCURY. o¢ 
portions, sometimes smaller, sometimes larger, of its illuminated half. The 
same movement varies its distance from the Earth, ae explains the 
variations in the apparent dimensions of its disk. 

On the preceding page is a diagram of the positions of Mercury in 
different parts of its orbit, during the period of an entire oscillation com- 
pared to the successive positions occupied by the Earth. 





Fig. 24.—Explanation of the Phases of Mercury. 


When Mercury is in the same direction as the Sun, we say that the 
planet is in conjunction. It is in superior conjunction when beyond the 
Sun ; and in inferior conjunction when on our side of it. In the first case, 
it turns towards us its bright hemisphere ; in the second, its dark one. 

If the Earth itself were immovable, the interval of 106 to 180 days, 
which we have seen to be the period of an entire oscillation, would be 
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also the period of a revolution of Mercury round the Sun. But it is easy 
to see from the preceding diagram, that, by the time the plant has 
returned to the same conjunction again, the Earth has travelled onwards 
in its orbit, and Mercury has, therefore, accomplished more than a com- 
plete revolution. 

In reality, the time of a revolution of Mercury is less than that of a 
complete oscillation ; it is about 88 of our days.* 

Tf the orbit of Mercury were a perfect circle, its distance from the Sun 
would not vary. But it is known that the orbits described by the planets 
are ellipses—oval curves more or less clongated, of which the Sun does 
not occupy the centre, but one of the foci. 

Amongst the eight principal planets, Mercury’s orbit differs most from 
the cireular form. Hence, its distances from the Sun are very variable. 
While at its greatest distance from the central body its distance is 42,660,000 
miles, it approaches at its least distance to within 28,115,000 miles, the 





Fig. 25.—-Apparent dimensivus of the disk af Mercury at its extreme and tucan Cistaices 
from the Earth. 


difference being over 165 millions of miles. Mercury travels at a mean 
rate of 20°3 miles per second. 

As to its real dimensions, they have been easily determined from the 
two elements which precede: we allude, on the one hand, to the measure 
of its apparent diameter ; on the other. to the distance of the planet from 
the Barth. We hence derive the first physical datum relating to Mercury, 
that it has the form of a globe, of 3CO0 miles in diameter: this is about 
two-fifths of the mean diameter of the Earth. Fig. 26 gives an exact idea 
of the relative sizes of the two planets. 

Hence it follows that the surface of Mercury is nearly six times and 
n half less than that of our dwelling-place; seventeen globes, of the 
same volume as Mercury, would be required to equal the volume of the 
Karth. 


Is Mercury of a perfectly spherical form? It is difficult to be assured 


* More exactly, 87 days 28 hotrs 15 minutes and 46 seconds. This revolution 
is called a sidercal revolution in contradistinction to the ‘ synodic revolution,’ because, 
relatively to the Sun, the planet again occupies the same portion of the heavens. 
By the synodic revolution of a planet is expressed the interval of time taken to return 
to the same position relatively to the Sun as seen from the Earth, 
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of this in observing the planet in its phases. The brightness of its light is 
such that precise measures are extremely difficult.* 

Astronomers have therefore preferred to take advantage of a pheno- 
menon which occurs pretty frequently, and sufficiently so to control the 
observations. We allude to the passages, or transits, of Mercury across 
the Sun’s disk (fig. 27). 

It must be borne in mind that once in each of its revolutions round the 
Sun, Mercury passes between the Earth and that radiant body. 

If the plane in which the planet moves were identical with that of the 
terrestrial orbit, that is to say, coincided with it, at each inferior con- 
junction Mercury would be projected on the Sun. But this is not the 
case; owing to the inclination of the plane of the orbit of Mercury to that 
of our Earth, sometimes the planet is thruwn above the solar disk, some- 


Earth, Mercury, 





Fig. 2.—The size of Mercury compared with the Earti. 


times it passes below. It happens, however, occasionally, that it is of the 
same apparent height as the Sun. Mercury is then seen as a black round 
spot, traversing in the course of several hoursf the Sun's disk, which i+ 
then partially eclipsed.t 

The sharpness of the planet’s circular form. the uniformity of the 


* In 1832, Saturn and Mereury occupied the snine region of the Leavens, in ap. 
pearance, that is to say. According to Beer and Mader, who observed them at that 
time, ‘Saturn compared to Mercury appeared pale and without brilliancy, Mercury 
presented a variable brightness, and remained perfect], visible after the rising of the 
Sun, whilst Saturn disappeared from the sight. Mercury was illuminated a little 
more than half,’ 

¢_ The duration of the transit is very variable. It nay last about eight hours. 
The last passage tuok place on the lath of November. [MG]. We may add that up 
to the end of the present century there will be six others. the first of which will 
take place on the 5th of November, 1SG8. The transits of Mercury always occur in 
May or November. 

t ‘The first of these observations was made at Paris, by Gassendi, on the 7th of 
November, 1631, and. as mentioned by him, in accordance with the wish and sug. 
gestion of Kepler, for Kepler had predicted this transit. and had printed or written on 
it the preceding year, which was that of his death.’—Jdleanbert’s Ency ~~ 
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movement of the black spot over the Sun, and, lastly, the time of the 
transit, are circumstances which sufficiently prevent the phenomena being 
confounded with those of solar spots. 

Astronomers have chosen the favourable occasions offered by these 
transits, to measure, by the aid of micrometrical instruments, the apparent 
diameter of Mercury, from which, by an easy calculation, they have been 
able to determine its real dimensions. They have, at the same time, 
observed that the black spot was always perfectly round, that is to say, 
that the globe shows no trace of flattening.” 

We now know the movement of Mercury round the Sun, the time of 
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Vig, 27.—Transits of Meremy over the Sun, 1° the 12t 
November, lil, 2° the 5th November, 1&8. 


its revolution, its distances from the Sun and from the Earth, and, lastly, 
its dimensions in diameter, in surface, and in volume. It only remains 
now to speak of what is known of its physical constitution. The facts 
that science has succeeded in gathering on this curious and important 
point of the monography of the planets ought to present a lively interest to 
us all, by reason of the likeness or contrast which each of these worlds 
possesses to our own. The manner in which light and heat are distributed 
on the surfaces of the planetary bodies, the succession of their days, nights, 
and seasons, the existence or the want of an atmosphere like ours ; lastly, 


* A single observation of this kind would not always be conclusive, since Mer- 
sees might be in such a position as to present to us one of its poles of rotation. Be- 
sides, the flattening might be so slight as not to be measurable at this distance. 


The intensity of the light which Mercury receives from the Sun, at its 
mean distance, is nearly seven times* as great as that with which our 
globe is illuminated under the same conditions of distance. 

It is not then surprising that the ancients gave Mercury the epithet of 
‘Twinkler’ (criABwv). This is not all. The laws governing the propa- 
gation of radiant heat are the same as those of light. Mercury then 
receives seven times more heat than the Earth, or, more properly, a heat 
the intensity of which is in the mean seven times as great. 

To judge by the impression which the light-rays make on our eyes, 
seeing that we cannot bear their dazzling brightness without pain, and, 
again, by that which they make on our body when it is subjected to their 
influence, the inhabitants of Mercury should be extremely uncomfortable. 
But are they formed like us? and have their senses the same degree of 
impressionability ? We know not. Variations of temperature are also 
disagreeable to us. In this respect, again, we must own that the in- 
habitants of Mercury have more to suffer than we. Owing to the planet's 
elongated orbit, we have seen that sometimes it recedes from, and some- 
times approaches, the Sun, and that the difference between the extreme 
distances amounts to fifteen millions of miles. So that whilst at aphelion,+ 
the intensity of the luminous and hcat-rays is no more than four times and 
a half that of rays received by the Earth; at perihelion, on the contrary, 
it rises to more than ten times the same quantity. 

Lastly, and this adds still more to the contrasts of temperature, the 
variations occur in a period of time less than a quarter of one of our 
‘terrestrial years. Presently, we shall see that the seasons present still 
greater anomalies. 

We must not forget, however, that one circumstance may modity all 
this to an extent sufficient to render the conditions ef vegetable and animal 
life in Mercury, either similar to our own or more different still. This 
circumstance is the existence or absence of a gaseous or vaporous envelope 
—in a word, of an atmosphere? Has Mercury, then, an atmosphere ? 
According to many astronomers, Mercury presented the following aspect 
(fig. 28) in its transit (1799) across the solar disk. Instead of a black 
round spot, perfectly clear and well defined, there was seen all round the 
disk of the planet a circular band less luminous than the rest of the 


* Exactly, 6°67. 

+ Aphelion—the greatest distance of a body from the Sun; fon are jnem, and 
ndues the Sun. Perihelion—least distance; from sg) near ‘o, and fas. If the 
orbit of a body were rigidly circular, there would be neither aj helion nor ] eri selicn 


points. 
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surface of the Sun, forming a sort of nebulous ring. It was thence 
inferred that there existed a very high and dense atmosphere. Recent 
observers ‘have not seen anything like it. But, on the other hand, they 
have remarked in the phases of the planet, that the line of separation of 
the light and shade, which astronomers 
call the terminator, is never very <de- 
cided, so that the breadth of the Iumi- 
nous part seemed diminished. ‘Hence,’ 
say Beer and Midler, ‘we may conclude 
that Mercury has a pretty sensible at- 
mosphere.’ 

If this be so, we can form an idea 
of the modifications which a somewhat 
dense atmosphere would induce in the 
intensity of the light and heat, by com- 
paring the days when on our Karth the 
sky is clear and without clonds—when 
the Sun darts its rays on the surface 
withont obstacle, with the dark and dull Fig. 28.—Aspect of the disk of Mereury during 
days when the clouds completely hide —Vayorous aurea, and bright point on thy 
him from us. The density of the at- ‘is. (Schréter.) 
mospheric envelope we sce then can strikingly change the effects of solar 
radiation. Let us compare, for instance, the temperature of one of our 
valleys with that of the mountainous summits which surround it. It is 
like passing from summer to the cold of winter, from the burning heat of 
July to the frost of November, and yet the Sun shines alike on the moun- 
tains and on the valley. 

Finally, the chemical composition of the atmosphere of Mercury, the 
nature of the gases of which it is ‘formed, and which are perhaps very 
different from the nitrogen and oxygen of our air, are also features which 
may influence the climate of the planet; concerning these matters we have 
no data. Let us confine ourselves, then, to describe the astronomical 
phenomena, of which the influence is incontestable. 

In the first place, let us consider the length of the day: Mercury 
turns on its axis in 24 hours and 54 minutes, and his year comprises 873 
of these sidereal rotations.* The number of his solar days in this period is 
therefore 86%, whence results as the length of one of them 24 hours and 
d4 seconds. This is nearly the length of one of our own solar days, so 
that the organised beings of the two planets have the same periods of 
light and darkness, of activity and repose. But the relative length of the 
days and nights in the course of the entire year is much more variable 
than on the Earth, owing to the great inclination of the axis of Mercury 
to the plane of its orbit. 





[* Great doubt rests, however, Loth on this estimate and on the estimate of the 
planet's inclineation.—R. A. P.} 
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Fig. 29 shows, according to the old observers, at what angle Mercury 
presents itself to the Sun at the commencement of each of its seasons. 

Very extensive zones around the two poles enjoy at one season, during 
their summer, continuous day; at another, during their winter, they are 
plunged in profound darkness. It is only during a short period and near 
the planet’s equinoxes, that these zones see light and darkness succeed in 
the interval of the same day. 

The glacial and torrid zones are not distinct on Mercury, and temperate 
climates do not cxist, or rather their zones change their character twice 
during each revolution. ‘The equatorial regions alone have the ad- 
vantage of possessing all the year, day and night, light and darkness, 





Fig. £9.—-Orbit of Merenry. 


aud of experiencing heat during the day, cold and calin during the night. 
It is true, however, that if the Sun towards the equinoxes rises so far 
as the zenith, it descends nearly to the horizon in the extreme seasons. 
We have said above, that the orbit of Mercury is very elongated, or, 
in astronomical language, that its excentricity * is considerable. It 
results that the seasons in Mercury are of very unequal duration, and, 


* We have already remarked thatit is not in the centre of the oval curve tra- 
versed by each planet that the Sun is situated, but in a point by so much more 
distant from this centre as the curve is more elongated. ‘The name of excentricity is 
given to the distance between these two points, compared to the half of the greatest 
diameter of the orbit. Let us add that the place where the Sun is, is called the 
focus of the curve, and that the focus is always one of those points in the gran‘er 
diameter to which we have alluded. 
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seeing that, according as we consider the northern or the southern hemi- 
sphere, the spring and the summer of the one are the autumn and the 
winter of the other, a like inequality should exist between the extreme 
temperatures of the two hemispheres. 

The great proximity of Mercury to the solar rays renders the obser- 
vation of the planet somewhat difficult; very little, therefore, is known of 
its surface. One diligent observer, Schriter, at the end of the last century, 
was able, however, to observe some dark bands on its disk (fig. 30), which 
he considered as an equatorial zone; it was 
from the direction of these bands that he 
deduced the inclination of the axis of rota- 
tion. Besides this,during the crescent phases 

many. observers (Schroter, Beer and Mudler) 
have seen indentations which make the 
line of separation of light and shade 
appear jagged; they also observed that the 
southern horn of the crescent was trun- 
cated (fig. 31). These markings were not 
always visible, but disappeared, to show 
themselves anew at intervals, the periodicity .. 

of which has enabled us to saa the sa paca ca ie res 
period of rotation of Mercury. They evi- 

dently indicate the existence of high mountains, which intercept the light 








Fig. 31.—Crescent of Mercury, showing irregularities on the t i 
truncation of'tho Sunthern Horn, (hier ree 


of the Sun, and of valleys plunged in shade, which lie near the parts of the 
surface of the planet then illuminated. 

Mercury, therefore, has mountains. The measurement of the amount 
of truncation of the crescent, has also shown the height of one of them, 
and if this measure is not exaggerated it is not less than the gzpyrd part 
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of the diameter of the planet; that is, more than eleven miles! Now the 
highest mountain known on the earth, Gaurisankar of the Himalaya, is 
not more than 29,000 feet in vertical height: this giant of terrestrial 
mountains, therefore, does not rise above the sea-level more than the qth 
part of the Earth's diameter. 

Schriter, when examining Mercury during its transit over the Sun on 
the 7th of May, 1799, eaw, or believed that he saw, on the black disk of 
the planet a luminous point. It has been concluded from this observation, 
which has not however been confirmed, that there exist on the surface of 
Mercury active volcanoes. This would be another analogy between the 
physical constitution of this planet and that of the Earth. 

We have already said, in speaking of the Sun, that astronomical 
science has succeeded in ascertaining the masses, or the relative weights, 
of the celestial bodies ofthe solar system. The mass of Mercury is equal to 
about ,°.ths of the mass of our globe. In comparing these numbers with 
those which measure the volumes of the two planets, it is found that the 
matter of which Mercury is formed is denser than that of which the Earth 
is composed. Its density exceeds the Earth’s in the proportion of 112 
to 100. 

Lastly, there is another physical fact which we must take into account 
if we would form an idea of the beings which people the planets of the 
solar system. We refer to the force of gravity on the surface. The 
influence of this force is all-important ; according as its intensity is greater 
or less, the muscular movements, for example, are more or less difficult, 
requiring an expenditure of force more or less considerable. According to 
the most recent determinations, the force of gravity on Mercury is little 
more than two-fifths of what it is on the Earth. To sum up. By the aid 
of all the astronomical, physical, and meteorological data which we have 
reviewed in this study of Mercury, and compared with the corresponding 
elements of the terrestrial globe, it has been possible for us to point out 
both the resemblances and differences of these two worlds, revolving in 
regions of the heavens, which are, after all, near each other, when we 
consider the extent of the whole planetary system. 
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IT. 
VENUS. 


Distance from the Sun—Apparent and real Movements; Form of the Orbit— Dis- 
tance of Venus from the Marth— Real Dimensions, Form, and Surface-markings ; 
Rotation — Vay and Night on Venus; Atmosphere, Seasons, and Climates — 
Physical Constitution. 


Tue two plancts nearest to the Earth— Mars and Venus—are precisely 
those which present the most striking analogies to it; Mars especially, 
which we have more particularly studied. This fact is a very natural 
one, and it will appear to us still more so when we try to form an idea of 
the origin of the system, according to the views of Laplace. For the 
present let us study in detail the various phenomena which each planet in 
turn presents to us. 

Mercury is the first planet which we encountered on leaving the Sun. 
Venus comes after Mercury in the order of distance, whilst of all the 
principal planets Mercury is that which describes an orbit of the most 
elongated form, and that by very much. Venus, on the contrary, moves 
in an orbit the form of which approaches nearest to a perfect circle. 
There is not between its greatest and least distances from the Sun— 
between its aphelion and its perihelion, to use the language of astronomers 
—a difference equal to the >4,th part of the maximum distance. 

The mean distance of Venus from the Sun is 66,184,000 miles; its 
maximum distance is 66,586,000 miles: and when nearest to the Sun, it 
is still removed from him 65,682,000 miles. 

What is the result of this quasi equality in the movement of Venus ? 
It ig, that the quantity of light and heat which it receives from the Sun 
varies little in the different points of its orbit; or, what comes to the 
same thing, in the different seasors of its year. Yet this quantity is 
still nearly double in intensity that which our globe receives,—a fact 
we must take into account when we treat on the physical constitution of 
the planets. 

Venus, like Mercury, is sometimes an evening, sometimes a morning 
star. It appears to us to oscillate in the same manner round the Sun. 
But the amplitude and the duration of its periodical oscillations are much 
greater. Thus, in that part of its apparent orbit in which it recedes 
each evening from the setting Sun, it advances at its maximum eastern 
elongation to a distance of 48°, while that of Mercury is 29°, When in 
the morning before sunrising, it gradually leaves that body, its maximum 
western elongation attains the same value. 
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Who does not know the Shepherd’s Star ? Who haa not contemplated 
its soft and brilliant light, rarely twinkling, and intense enough at times 
to cast shadows? Where a light cloud veils that portion of the sky 
occupied by thé planet, a pretty strong glimmer will still indicate its 
position in the centre of the luminous ring formed by the illuminated 
molecules of the interposing cloud. The brilliancy of this planet is, 
indeed, sometimes so intense that in a very clear sky it is visible 
by day. 

The evening star received from the ancients the name of Vesper, 
whilst they gave to the morning star the name of Lucifer. The same 
error which led them to double Mercury —if we may be allowed the 
expression, — made them see in Venus also two distinct bodies. But they 
at length recognised the identity of the two stars, and Venus eventually 
replaced Vesper and Lucifer. 

Venus takes 584 days to accomplish an entire oscillation. At the 
end of this time, it is again found in an identical position with regard to 
the Sun and the Earth, and recommences this apparent movement round 
the central body. 

This similarity in the apparent movements of the two planets nearest 
to the Sun would lead us to infer that their real movements are similar. 
This is the case. Venus describes round the Sun a curve entirely enclosed 
by the orbit of the Earth. 

Accordingly, when, instead of observing it with the naked cye we use a 
telescope of considerable magnifying power, we perceive that it presents 
phases* like Mercury, and that, like this latter planet, its apparent 
dimensions vary as in its movement it recedes from or approaches our 
Earth. We need not here repeat the explanations that we gave in 
the case of Mercury, inasmuch as they would be quite identical for 
Venus. 

We must not confound the period of a complete oscillation of Venus 
with the period of its real revolution. .As the Karth moves at the same 
time and in the same direction, the planct requires in reality much more 
time to return to the same position relatively to the Sun and the Earth 
than to accomplish an entire revolution, or, as it may be expressed, to 
return to the same part of its orbit. So, while the synodic revolution of 
Venus is accomplished in about S84 days, its sidereal revolution requires 
only 225 days (2244 165 49™ 7s), or less than Rths of one of our years. 
Tn this interval, the distance which it travels is upwards of 410 millions 
of miles, so that its mean velocity is 78,0UU miles an hour, or nearly 21 
miles a second. We have seen already that Mercury travels at the rate of 
27 miles a second; the generalisation of these facts will show us that the 
velocity of the planets decreases as we advance from the common centre of 
their movements. 

Viewed from the mean distance of Venus, the disk of the Sun seems 


* Galileo recognised thein first. 
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nearly double (in surface) its apparent size as seen fromthe Earth. (See 
fig. 2, p. 24.) - 

A word now on the different distances which separate the two planets 
when in various positions in their orbits. 

When Venus is between the Sun and the Earth, it is obviously nearest 
to us; and when it is beyond the Sun, it is farthest from us. 

In the first case, to know the distance between the two planets, we 
must find the difference of their distances from the Sun; in the second, 
we must add them together. 
But let us say, once for all, in 
respect of Venus as in respect 
of the other bodies of the sys- 
tem, that as the orbits are not 
circles, but ellipses or ovals, 
there is for each of the two 
cases & maximum and a mini- 
mum. We will dwell upon 
these details when their im- 
portance renders it necessary. 

The greatest distance of 
Venus from the Earth amounts 
to about 160,000,000 miles, 
—its least distance to about 
23,500,000 miles. Thediverg- 
ence of these numbers would 
leave us to believe at first, 
that the observations of Venus 
ought to be much morefavour- 
able in the case of short dis- 
tances. This, however, isnot _ = 
the case, In this part of its 7 {2-Superioy and inferior conjanction of Venus 
orbit, in fact, Venus presents 
to us more and more of its dark hemisphere, and, besides, its light ‘is 
extinguished by the brightness of the solar rays. This last circumstance’ is 
repeated at the period of its maximum distance, so that it is in the inter- 
mediate phases that it is most distinctly visible and its light most brilliant. 

From figure 33 we can understand both the change in the apparent 
size, and in the degree of illumination of its disk at its extreme and mean 
distances from the Earth. The diameter varies nearly in the proportion 
of the numbers 10, 18, and 65. 

When both the distance of an object and its apparent size are known, 
nothing is easier, as already remarked, than to determine its real 
dimensions. It has been calculated that the diameter of the globe 
of Venus measures 7510 miles which is about 400 miles less than that of 
the Earth. The dimensions in volume and surface also differ very little 
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from those of the terrestrial spheroid. But up to the present time no 
perceptible polar compression has been observed. 

This last result is not at all-astonishing, for if such a flattening really 
existed, if it did not exceed that of the terrestrial poles, even the most 
delicate measures would not be able to detect it. Although Venus is one 





of the nearest planets to the Earth, astronomers have experienced great 
difficulty n measuring its apparent diameter in a precise manner. This is 





Fig. 34.—Comparative dimensions of Venus and the Eurth. 


owing to the astonishing brilliancy of the light of Venus, and to the 
irradiation* which is produced in its image in our instruments—a cause of 


* The effect of irradiation may be observed in fig. 35. If two circles, one of 
which is black, the other white on a black ground, are examined, it will be seen that 
the last seems perceptibly larger; and nevertheless their diameters are rigorously 
the same. This effect is by so much the more perceptible as the light of the object 
18 more intense. 
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error which it is very difficult to estimate. How can we then be aston- 
ished if we are not sure of its diameter within the 75th part ? 

If the flattening of the globe of the planet is unknown, this is not the 
case with the period of its rotation, although its determination has also 
necessitated very delicate observations. a 

Venus turns on itself in 23 hours 21 minutes 28 seconds. That is a 
period less than that of the rotation of the Earth by 35 minutes only. As 
in the case of Mercury, it is by the careful watching of the irregularities 
which the illuminated part of the planet presents at the limit of light and 
shade, and their successive and periodical reappearances, that various 
astronomers* have been able to measure this period. 

Bianchini, an Italian astronomer of the last century, endeavoured to 
deduce the rotation of Venus from the observations of the spots which he 





Fiz. 35.—-Effect of irradiation. 


observed on its disk. Although the number he found is completely at 
variance with the recognised and adopted period, his observations, never- 
théless, have their value, as they give an idea of the features which 
distinguish the surface of the planet.+ 

Venus, in its various phases, is far from showing perfectly regular 
forms. “She ‘horns of*the crescent, especially the southern one, have 
nearly always‘been observed blunted—truntated, ‘sd’ to “spegk. Schruter - 
also saw a bright point completely separated from the luminous crescent. 
Fig. 33 shows some of these forms observed by this able astronomer. 

These inequalities, besides serving by their periodical return to enable 


* D. and J. Cassini, Schriter, De Vico, Beer and Madler. 

+ They were, however, permanent spots, if it be true, as stated by Arago (‘ Astro- 
nomie Populaire, 'ii. 523), that Bianchini's spots were again seen by De Vico, from 1840 
to 1842, with all their old forms. We give these spots from Schroter's drawings in 
A phroditographische Fragmente. [Doubts stillrest on the subject of the permanence 
of these markings; and accordingly the rotation-period and axial inclination of 
Venus are still held as doubtful by many astronomers.—R. A. P.} 
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us to measure the rotation of the planet, are evidences of the irregularities 
of its surface. Thus the solid ground of Venus is uneven, like that of 
Mercury and of the Earth ; it is covered with high mountains. But is it 
certain that these asperities attain such a considerable height as is stated ? 
Do mountains exist on Venus to the vertical elevation of 27 miles; that is 
to say, five times higher than the most elevated peak in Thibet, ten times 
the colossal Mont Blanc? This is a delicate question which subsequent 





Fi... 33.—Irregularities in the terminator of Venus. (Schréter.) 
Spots on its two hemispheres. (Bianchini.) 


measurement may perhaps settle. But if the first results were confirmed, 
we could scarcely help thinking of the strange aspect the mountainous 
regions of Venus would offer; the sublime peaks of our Alpine regions 
would be but mere mole-hills in comparison. If we refer to the drawings 
of Schréter (fig. 36), which represent Venus in three of its phases, we 
shall notice that the luminous part of the disk is far from terminating 
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abruptly along the line of shade. Its light, on the contrary, diminishes 
gradually; and this diminution may be entirely explained by the 
twilight on the planet. The existence of an atmosphere of a considerable 
height has hence been inferred, which, by refracting the rays of the Sun, 
enables them to penetrate into regions where that body is already set. 
Thus the evenings in Venus would be like ours, lighted by twilight, and 
the mornings by the dawn. 

Venus, during each of its periodical oscillations, should, one would 
think, when it passes between the arth and the Sun, be projected on the 
disk of the latter body. But the occurrence is, on the contrary, rare, 
because the plane which Venus describes 1s not coincident with the plane 
of the Earth’s orbit. Sometimes the globe of the planet, always, be it 
remembered, with its unilluminated half towards us, passes higher than the 
solar disk, sometimes it passes below. ‘Two transits occur in an interval 
of eight years, after which they do not again occur until the end of 
another interval of more than a century. When two transits have taken 
place both in December, the two following invariably occur in June. The 
last observed were those on the Sth of June, 1761, the 3rd of June, 1769, 
and the 8th of December, 1874. The next transit will take place on 
the Uth December, 1882. We shall see further on, that it was by obser- 
vations of these transits, made very carefully at different stations on the 
surface of the globe, that the Sun’s distance was for the first time calcu- 
lated. Venus, in traversing the solar disk, appears as a perfectly round 
black ‘spot. : 

Now, in what manner do the days and nights vary according to the 
latitudes and the seasons? ‘This depends both on the way in which 
Venus in the course of its year presents its polar and equatorial regions 
to the Sun, and on the relative durations of its two movements of rotation 
and revolution. Let us return to some of our former statements. 

Venus turns on itself in 23 hours and 21 minutes and 23 seconds; 
this is the duration of its sidereal day.* Its year contains 225 terrestrial 
days (224°7). It comprises, therefore, 231 entire rotations, or sidereal 
days of Venus, which are equivalent to 230 solar days of Venus. Each 
ordinary day then on Venus consists of 23 hours 26 minutes, 

On the other hand, the nearly circular form of its orbit gives a nearly 
equal length to the four seasons, and the light and the heat of the Sun are 
distributed with a like constancy. But that which establishes a marked 
difference between the terrestrial seasons and climates and those of the 
planet which we are exploring, is the great inclination of its axis of rota- 
tion to the plane of its orbit. In this respect Venus resembles Mercury. 
Fig. 37 shows the position of the planet at one of its solstices, at the 


* On each planet, as on the Earth, we can distinguish the sidereal day, the length 
of which is identical with that of a rotation, and the solar day, a little longer than 
the sidereal day. We shall explain, in the cbapter relating to the Rotation of the 
Earth, the reason for this essential distinction. 
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commencement of the summer of the hemisphere which presents its pole to 
the Sun. At the winter solstice, Venus occupies a diametrically opposed 
position. It follows that the polar regions undergo alternately the torrid 
temperature of summer and the prolonged cold of winter. At the equator, 
the Sun then attains but a small elevation above the horizon. 

Towards the equinoxes, on the contrary, the regions nearcst the equator 
are exposed to the heat of the Sun, the intensity of which is nearly double 
the intensity of the solar heat on our globe. Perhaps a very dense, cloudy 
atmosphere, constantly charged with vapours arising from the heat, enve- 
lopes the globe of Venus, and thus moderates the rigour of its opposite 
seasons. A fact which gives to this hypothesis a certain degree of likelihood 
is the observation of the transit of Venus over the Sun in 1761, A nebulous 
ring seemed to surround the black disk of the body; and, moreover, at 





. ~ ° s ve * . . / e 
Viz. S7.—Venus at one of ite suistices. Tuciination of the axis of rotation. 


the moment when it was but partly projected on the Sun, the contour of 
the exterior limb of the planet was seen edged with a luminous ring. 

These two phenomenn are easily explained if we suppose the globe of 
Venus to be enveloped with a very dense atmosphere. 

There still remain some other interesting physical data bearing on the 
constitution of Venus. Thus, for instance, caleulation has shown that its 
mass is such, that more than 400,000 globes of the same weight would be 
required to balance the mass of the Sun; it is nearly .8,,the of the mass 
of the Earth. Taking into consideration the difference of the volumes of 
the two planets, we find that the density of the matter of which Venus .is 
composed exceeds the density of our globe almost as 103 to 100. 

Finally, the force of gravity on its surface is also a little more than 
ths of the mean intensity of this force on the surface of the Earth. 

To sun up. The world we have explored resembles in many points, 
in its dimensions and astronomical and physical constitution, that which 
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we inhabit. And, if we were to accept the observations of several astro- 
nomers of the 17th and 18th centuries,* it would present an additional 
resemblance ; as the Moon accompanies the Earth, so also would Venus, 
according to them, be provided with a satellite. But this singular body 
has not been since seen, and high scientificf authorities are now convinced 
that the observers in question were the victims of an optical illusion. It 
must be confessed that the doubt which still exists on this point is, at least, 
very curious, and testifies the progress which still remains to be accom- 
plished in the domain of planetary astronomy. 

[Before we quit Mercury and Venus, we must fairly state that the 
decision and positiveness with which the physical data are given by the 
old astronomers are by no means borne out by modern observation, 
although we might imagine. to say the least, that if the observations of 
Schroter and others, faithfully recorded by M. Guillemin, were correct, the 
vastly superior telescopes of the present day would have verified them. 
This, however, they have failed to do. ‘The different features, although 
stated to have been seen by De Vico during the present century, have not 
once been observed either by Admiral Smyth or the Rev. W. R. Dawes ; 
indeed, the only physical fact which modern observation has placed before 
us, and this we owe to Professor Phillips and the Rev. T. W. Webb, is 
the possible existence of snow-zones on Venus as on Mars. This, however, 
is not certain. We must, therefore, caution our readers against receiving 
absolutely the inferences drawn from the old observations. | 


III. 
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Aspect of the Zodiacal Light in the various regions of the Earth — Probable existence 
of a large Luminous Ring situated between the Earth and the Sun. 


In the evenings, about the time of the vernal equinox—in March and 
April, when in our climate the twilight is of short duration, if we examine 
the horizon towards the west, a little after sunset, we may perceive a faint 
light that rises in the form of a cone among the starry constellations. 

This is what astronomers call the Zodiacal Light. Those unfamiliar 
With it, or little accustomed to the ordinary aspect of the sky, might confuse 
this glimmering either with the Milky Way, or with the ordinary twilight, 
or even with an aurora. But, with a little attention, it is impossible to 
mistake it. 


* D. Cassini, Short, Montaigne, Rosdkier, Horrebow, Montbaron, Lambert. 
t De Lalande (Encyclopédie Methodique.) 
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The triangular form of this luminous cone, its elevation, and its inclined 
position to the horizon, make it a thing apart and one eminently deserving 
particular mention. 

As the days lengthen, and with them the duration of twilight, the 
Zodiacal Light disappears, it becomes invisible, at least in our climate. But 
it may again be seen in the morning, in the east, about the time of tho 
autumnal equinox, in September and in October, when the dawn has an 
equally short duration—again, however, to disappear during the period of 
long nights and long twilights.* 

It is needless to add that the sky must be clear, and the night moonless, 
for observations of the Zodiacal Light to be possible. 

The brightness of this light is comparable with that of the Milky Way, 
or with the tails of comets, its transparency is such, that all but the 
smallest stars are visible through it. Nevertheless, according to Mairan, 
who occupied himeelf with this phenomenon in the days most favourable 
for observation, its light is more intense than that of the Milky Way, and 
more uniform, generally less white, and inclining somewhat towards yellow 
or red in the parts nearest the horizon. It was only towards the apex 
that he could discern the small stars in the regiun on which the light was 
projected. 

This yellowish-red colour was observed also, in 1843, by Arago and 
other astronomers of the Observatory of Paris, who compared it to the 
tail of the comet of that same year. Morcover, the same red tint was, in 
1707, noticed by Derham. 

Now, if from temperate regions of the two hemispheres we travel to- 
wards the tropical zones, the Zodiacal Light increases in intensity and 
height, and it can be observed throughout the year. The illustrious 
Humboldt thus relates in his ‘ Cosmos,’ the impressions made on him in 
his travels by the sight of this curious phenomenon : ‘The much greater 
luminous intensity which the Zodiacal Light presented in Spain, on the 
coast of Valentia and in the plains of New Castile, had already determined 
me, before I quitted Europe, to observe it assiduously. The brightness of 
this light—I should say of this illumination—still increased in a sur- 
prising manner, as I gradually approached the equator on the American 
continent, or on the South Seas. Through the dry and transparent 
atmosphere of Cumana, on the grassy plains or Llanos of Caracas, on the 


_ ™ In large towns, the thousands of gas-lamps or other lights render the observa- 
tion of the Zodiacal Light very difficult, not to say impossible, at all times. On the 
other hand, in stations conveniently situated, it can be seen at various epochs of the 
year, even in the temperate zones. 

Mr. Heis (of Munster) cites some observations made by him in the month of 
December, in Germany, and Mr. Jones had observed it at the same time in Japan. 

M. Chacornac observed the Zodiacal Light in January and February in Paris, 
and in Decemberin Lyons, in 1864. A fact little known, established by him, is, that 
the light is intense enough to efface stars of the twelfth and thirteenth magnitude. 
‘It is beyond doubt,’ he writes, ‘that this phenomenon covers with a yellowish red 
veil the region of the sky on which it is projected.’ 
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table-lands of Quito, and on the Mexican lakes, particularly at a height of 
eight or twelve thousand feet, where I could stay a longer time, I saw the 
Zodiacal Light sometimes surpass in brilliancy the most striking parts of 
the Milky Way, comprised between the prow of the Ship and Sagittarius, 
or, to cite the regions of the sky visible in our hemisphere, between the 
Eagle and the Swan.’* 

Let us see now if it is possible to account for the nature of the Zodiacal 
Light, which evidently is not a purely meteorological phenomenon, since 
its participation in the 
diurnal movement, its 
visibility in regions of 
the Earth very distant 
one from the other, and, 
Jastly, its nearly invari- 
able inclination along the 
ecliptic, indicate suffi- 
ciently that the cause 
which produces such ap- 
pearances lies outside our 
atmosphere, in the celestial 
spaces. 

Among the explana- 
tionsthat have been given, od 
the most probable one is g - 
that which likens the Zo- | ae 
diacal Light to a flattened . 
nebulous ring surround- 7 
ing the Sun at some dis- a 
tance. It is to be -re- 
marked, that the direction 
of the axis of the cone, or 
of the pyramid, prolonged 
below the horizon, always 
passes through the Sun. 
(Fig. 38.) 

It was believed at first that this direction precisely coincided with the 
solar equator; but it seems more certain that it coincides with the plane of 
the Earth’s orbit, or the ecliptic. 

The length of the longer axis of the ring is vanable, or, as it may be 
expressed, the distance from the summit of the cone to the middle of its 
base,—to the horizon,—is more or less considerable, according to the 
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Fig. 38.—Direction of the aris uf the Zodiac 


* ‘Cosmos,’ vol. ii. p. 504. 


t The recent observations of Mr. Heis at Munster, and of Mr. Jones at Japan, 
made simultaneously; show, however, the axis of the luminous cone as forming an 
angle with the latter plane. 
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time of observation. Very simple geometric considerations point to the 
conclusion that the luminous ring sometimes extends as far as the orbit of 
the Earth, and even surpasses it, sometimes it is enclosed within this same 
orbit. This may be explained in two ways: either by admitting that the 
form of the ring is elliptical or oval, or, if it be circular, that the Sun does 
not lie exactly in the centre. 

Now, what is the nature of this Iuminous mass? Must it be con- 
sidered as a zone of vapours thrown off by the Sun when in the process of 
consolidation, when our central star passed from a nebulous state to that 
of a condensed fluid sphere? This was the opinion of Laplace. 

Another hypothesis, also connected with the first, is, that the Zodiacal 
Light is formed of myriads of solid particles, analogous to the acrolites, 
possessing a general movement, but travelling separately around the focus of 
our solar world. The light of the ring would be thus produced by the 
accumulation of this multitude of brilliant points, reflecting towards us 
the light borrowed by cach of them from the Sun. 

This explanation accounts for the variation of the intensity of the 
Zodiacal Light at different epochs; it would suffice to admit that the 
condensation of the particles or the density of the ring is not the same 
throughout its extent, and that its movement of circulation round the Sun 
presents successively different parts to the arth. In this case, it becomes 
a question whether this lenticular ring of matter is distinct from the 
systems of meteors, of which we shall soon speak, and the existence of 
which seems at length established. 

Lastly, some astronomers regard the Zodiacal Light as a vaporous 
ring, which belongs to the Earth, surrounding it at some distance. But 
this 13 an opinion which appears somewhat wild (it can bo upset by the 
most simple geomctrical considerations), and is utterly at variance with 
observation.* 

We omit to mention various other theories now completely abandoned. 
But it must be owned, in concluding what we have to say on this in- 
teresting phenomenon, that while the observations remain so vague and 
so few in number, we are not yet permitted to pronounce, in a definite 
way, on its nature. 

Cassini and Mairan have observed in the luminous cone momentary 
sparklings, which they explain by the rapid movements of its particles, 
alternatively presenting faces of unequal size; nearly in the same way as 
one sees the grains of dust sparkling in the rays of the Sun when they 
penetrate into the interior of a dark room. 

This is an explanation which must be presented with the more reserve, 


* Whatever may be the true nature of the Zodiacal Light, observation proves 
that the substance of which it is composed lies in a regicn which sometimes 
extends beyond the Earth’s orbit, sometimes lies within it. Our readers will, 


oe understand why the description of it is found in this part of the Solar 
ystem. 
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as the observations of Mairan and Cassini have not been, as far as we 
know, confirmed. 

The intermittent brightness described by Humboldt—the sudden un- 
dulations which he observed to traverse the luminous pyramid, also await 
explanation. Arago did not think this fact could be explained merely by 
variations in the strata of our atmosphere. 


LY 
THE EARTH. 


The Earth suspended in Space—Proof of its Spheroidal Form—Its Dimensions, 
Mass, and Mean Density— Atmospheric Refraction ; its effects on the appear- 
ance of the Disks of the Sun and Moon. 


Tue Earth considered as a celestial body—as a planet—will now be the 
object of our study. It is the globe we meet with next in our journey 
from the focus of the Solar System. 

The Earth does not voyage alone, as do Venus and Mercury ; but, 
drawing the Moon after it, in its annual course, it is continually escorted 
by this faithful satellite. It is the first planet that rejoices in such a 
privilege. 

If the Earth be a body travelling through space, as do the multitudes 
of those which people the heavens, it may be asked, under what aspect it 
appears to the nearest celestial bodies. This will evidently depend on thie 
distance of the observer. 

The-form of the Earth is that of a nearly spherical clobe, of which 
one-half receives the light of the Sun, whilst the other half is plunged in 
gloom. To a spectator who moves from it graduolly, it would appear 
under the form of a disk, gradually becoming more and more diminutive, 
but more and more luminous at the same time; presenting phases like 
Mercury and Venus, according to the relative position of the Earth with 
regard to the spectator and the Sun. 

At the distance of the Moon, the Earth will be seen under the form of 
a luminous disk, sprinkled with spots, the bright ones marking the con- 
tinents and islands,'and the snow and ice of the poles; the darker ones 
indicating the place of the seas. But besides these permanent spots, 
variable and movable ones would be distinguished, produced by the cloudy 
strata of the atmosphere. 
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Its apparent diameter would be nearly four times that of the Moon, so 
that, seen at the full, the Earth would shine like thirteen united full moona. 
At about four times the distance of our satellite, the terrestrial globe 
would still seem as large as the latter. But as the spectator moved away 
by degrees, the diameter of the disk would diminish, and would end by 





Fig. 89.—Ths Earth suspended in Space. 


noe insensible. The Earth would then shine in the heavens like a 
planet. 

These statements of Science regarding the form of our globe, and its 
real dimensions,—statements now familiar to every one,—are not based 
on simple analogies. Exact facts, which it is easy to verify, place the 

@ 
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rotundity of the Earth beyond doubt, and trigonometrical surveys ot 
extreme precision have determined its true dimensions. Let us dwell an 
instant on these different points. 

It is well known that the horizon of a plain presents the form of a 
circle, surrounding the observer. If the latter moves, the circle moves 
also, but its form remains the same, and is modified only when mountains, 
or other obstacles of some elevation, limit the view. Out at sea, the 
circular form of the horizon is still more decided, and changes only near 
the coasts, the outline of which breaks the regularity. 

Here, then, we obtain a first notion of the rotundity of the Earth, 
since a sphere is the only body which is presented always to us under the 
form of a circle, from whatever exterior point of view it is examined. More- 
over, it cannot be said that the horizon is formed by the limit of distinct 
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Fig. 40.—Curvature of the Continents. Horizons of the sime place at different altitudes, 


vision, and that it is this which causes the appearance of a circular 
boundary, because the horizon is enlarged when we mount vertically above 
the surface of the plain. 

The preceding drawing, in which a mountain is figured in the middle 
of a plain, whose uniform curvature is that of a sphere, will prove our 
assertion. From the foot of the mountain the spectator will have but a 
very limited horizon. Let him ascend half-way, his visual radius 
extends, is inclined below the first horizon, and reveals a more extended 
circular area. At the summit of the mountain, the horizon still increases, 
and if the atmosphere be pure, the spectator will see numerous objects 
appear, where from the lower stations the sky alone was visible. 

This extension of the horizon would be inexplicable if the Earth had 
the form of an extended plane. 

The curvature of the surface of the sea manifests itself in a still more 
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striking manner. Suppose yourself on the coast, at the summit of a high 
tower, hill, or steep, rocky shore; a vessel appears on the horizon, you see 
only the tops of the masts, the highest sails; the lower sails and the hull 
are invisible. As the vessel approaches, its lower part comes into view 
above the horizon, and soon it appears entire (fig. 41). 
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Fig. 41.—Curvature of thie surface of the sea, 


This fact, of the successive appearances on the surface of the sea, of 
the different parts of an object, beginning by the highest parts of it, is 
manifested in the same manner to the sailors who from the ship observe 





Fig. 42.—Curvature of the sea. 


the land. The explanation is rendered clear in the second sketch, where 
the course of a vessel, seen in profile, is figured on the convex surface 


of the sea. ee 
As the curvature of the ocean is the same in every direction, it follows 
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that the Earth has really the form of a sphere, or at least differs from it 
but little. 

We may also mention two proofs of another kind, which, like the 
_ preceding ones, are more interesting as facts than as elements of con- 
viction, Who could doubt at the present time of the rotundity of the 
Earth, and of its suspension in space, after so many voyages of circum- 
navigation, after the daily testimony of the movement of the stars, setting 
on one side of the horizon, to reappear after twenty-four hours on the 
opposite side? These are the proofs. 

One of the stars of the northern heavens,—the Pole-star—we shall 
speak of it again subsequently—remains nearly immovable, and at the’ 
same height in the heavens above the horizon of any given place. Now, 
when we move towards the south, this star by degrees approaches the 
horizon ; whilst, on the other hand, it rises as we advance to the north. 

This is a fact which can be explained very naturally by the convexity 
of the surface of the Earth, for if this change of height were held to be the ~ 
result of a real approach of the traveller to, and removal from, the observed 
star, the lnown distance of the stars from the Earth shows that the 
displacement of the observer is, so to speak, indefinitely small, compared 
to the distance of the star, and cannot in any way account for its apparent 
movement. Jesides, if instead of walking from north to south, the ob- 
server travels from east to west, the Pole-star will always appear at the 
same point of the heavens as referred to the movable horizon, and at the 
same height above this horizon. But, in this case, it will be the hour ot 
the rising and setting of the stars that will vary, as should happen if the 
curvature of the terrestrial surface is in every direction: and if, as indeed 
is known, our globe every day performs an entire rotation round one of its 
diameters. 

We may announce, then, as a fact, demonstrated by experience and 
observation, that the Earth, in spite of the irregularities of its surface, 
which seem to us considerable, is a spheroid, which, seen in space, appears 
as well defined, regular and smooth, as the disks of the other planets. 

Some numbers relative to the real dimensions of the Earth will support 
these results, so astonishing to those, who, learning them for the first time, 
seek to figure them as so many real facts. But before we give them, we 
will state a little more exactly the form of the Earth, as determined by the 
most exact measures. Its form is not rigorously spherical: the diameter 
or axis, round which the movement of diurnal rotation is performed, is the 
smaller diameter. Our globe, then, is flattened at the poles, that is to 
say, at the extremities of the axis. The existence of this flattening has 
been determined in the following manner. 

Let us consider a meridian, one of the ideal curved lines, indefinite in 
number, which encircle the Earth, each one passing through the two poles. 
If the Earth were exactly spherical, each meridian would be a circle, that 
is, if we leave out of consideration the irregularities of the Earth's surface. 
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On this hypothesis, the successive verticals which, from the Equator to the 
Pole, would form between themselves equal angles—an angle of one 
degree, for instance,— would be equally distant the one from the other. 
The distances between the feet of the verticals on the surface of the Earth, 
would be expressed by equal numbers. 

Observation contradicts this supposition, and it has been found that 
the length of the successive degrees of the meridian increases, in a con- 
tinuous manner, from the Equator to the Pole.* 
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Fig. 43.—Elliptical form of the terrestrial meridians. Diminution in the length of a degreo 
from the Pole to the Equator. 


The following table shows the differencea of length of the arcs of a 


degree, measured in the northern hemisphere of the Earth, at increasing 
latitudes, that is to say, at gradually increasing distances from the Equator: 


Mean Latitude Length of one 
of Arc. Degree in English 
Feet. 
India . , ‘ 12° 32’ =—20”_~—it. : ; 362,050 
ie 8 ‘ : 1G & 21 ; ; ; 363,044 
America .. ; 39 © «12 0 , : , 303,786 
Italy . ; ; 42 59 () : : ; 34,262 
France ; : 44 51 2 , F ; 304,972 
England. ‘ 52 2 1 F : : 464,051 
Denmark . é ot & ld . é ; 309,087 
Russia ‘ ; Hs 45) ; : (63,201 


3 
Sweden , ; G6 20 10 : , ; 365,744 


* It is easy to see from fig. 43, that the meridian ought, in fact, to present really 
the form of an ellipse or oval, the greater diameter of which terminates in the equa- 
tor, and tle smaller in the two poles. In such a curve, the curvature is the more 
strongly marked, as we consider the arcs nearest the major axis. We shall then 
require to traverse a shorter distance nearer the Equator to find the same angle be~ 
tween successive verticals than we shall near the poles. But it is well to remark 
that the flattening is much exaggerated in the drawing. | 
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The differences are unmistakable, and their constancy puts the fact of 
the polar flattening quite beyond doubt. But their relative smallness,— 
there is only a difference of 2788 feet between the extreme latitudes — 
proves that the compression is in truth very small, as may be proved by 
comparing the length of the equatorial diameter, and the polar one, 
deduced from the preceding data : 

Equatorial diameter = 4] 848.380 
Polar == 41,708,710 

Thus, if we represent the Earth by a sphere, a yard in diameter, the 

polar diameter will be about the -,th part of an inch too long. 


[But this is not all. The most recent results arrived at by geodesists 
have taught us that the Earth is not quite truly represented by an orange. 
at all events, unless the orange be slightly squeezed, for the equatorial 
circumference ts not a perfect circle, but an ellipse, the larger and shorter 
equatorial diameters being respectively 41,852,864 and 41,843,896 feet. 
That is to say, the equatorial diameter which pierces the Karth from 
longitude 14° 23’ east, to 194° 23’ east of Greenwich, is two miles 
longer than that at right angles to it.*] 

What then, on this scale, are the irregularities produced by the 
mountains and valleys; what the depth of the seas? ‘The calculation is 
easy ; Kunchinjinga and Gaurisankar, the giants of the Himalayan range, 
the highest known mountains of our globe, would only be elevated above 
the surface of a sphere of this size the 5,';,th part of its diameter; Mont 
Blanc, about half as much. In chains of mountains of ordinary elevations, 
the hills and valleys would be unnoticeable. The greatest depth of the 
ocean would but indent the surface about +/;5,,th of an inch. Fig. 44 
shows on a larger scale the relative dimensions of the height of the mount- 
ains, of the depth of the ocean, and the presumed thickness of the terres- 
trial crust. To obtain these dimensions, we have given the terrestrial 
globe a diameter of fourteen yards. 

The inequalities of the surface of the Earth have often been compared 
to the roughness of the skin of an orange. It will be seen by the preced- 
ing statements how exaggerated this comparison is. Our: globe, reduced 
to the dimensions of an orange, would not present to the naked eye any 
trace of projection or of depression, nor would the flattening be perceptible 
unless to a practised eye. | 

The study of the structure of the Earth—the configurations of its 
surface, its watercourses and seas, the geological constitution of its crust, 
snd of the interior nucleus which composes it,— presents the highest 
possible degree of interest, but its consideration would be out of place in 
the present volume. 

We will only refer to the opinion, now generally entertained of its 


* Mem. Ro . Ast. Soc. vol. xxix. 1860. ; 
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primitive fluidity ; because this hypothesis has its astronomical confirma- 
tion in the ellipticity which has been detected. It can be demonstrated 
by the laws of mechanics, that a fluid mass, animated by a movement of 
rotation, tends to take the form of a spheroid, flattened at the extremities of 
the axis around which the movement is effected. 

Among the planets which we have still to explore, we shall find many 
which assume, like the Earth, a spheroidal form, but with a much more 
considerable flattening at their poles. Now, their movement of rotation is 
much more rapid. 

One word more on the form and dimensions of the Earth. 

We shall be able to form an idea of the curvature of the surface ot 
the globe over a limited extent of country, from the following facts: A 
traveller who starts on a journey from a given -place, descends more and 
more below the horizon of that place. When he shall have traversed a 
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Fig. 44.—Comparative heights of Mountains; depth of the Seas, and thickness of the solid 
crust of the Barth. 


degree (694 miles), he will actually be more than a thousand yards below 
the horizon-plane of the point of departure, disregarding differences of 
level proceeding from irregularities of surface. The horizon of Paris, 
prolonged as far as Marseilles, would pass above that town at a height of 
over 18 miles. 

By reason of the flattening of the poles, the circumference of a meridian 
is shorter than that of the Equator by nearly 42 miles. 

It follows from the preceding numbers, that the surface of the Earth 
contains about 196,626,000 square miles. Of this immense surface the 
oceans embrace more than three-quarters; the remainder comprises the 
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continents and islands. It is not a little curious that one hemisphere 
of the terrestrial globe comprises the land, whilst the other hemisphere 
is nearly entirely occupied by water. If we adjust a globe in such a 
way that London would occupy the centre of the visible hemisphere, 
and place it at some distance from the eye, we shall see on the hemisphere 
tumed towards us’ the whole of Europe, Asia, Africa, North America, 
and part of South America. If we place ourselves on the opposite side, 
with our antipodes in the centre, we shall see a hemisphere, with the 
exception of New Holland and the lower point of Southern America, 
nearly entirely covered by the ocean, only here and there scattered with 
islands. 

The figures in Plate V. give an idea of the distribution of the solid 
and liquid portions of the terrestrial surface. 

If, from the measures of the surface of the globe, we pass to those of 
its volume and weight, we arrive at numbers of which it is extremely 
difficult to form a definite idea, so much are they beyond our ordinary 
notions. 

But we can conceive a cubic volume of which the length, breadth, and 
height, are each one mile—this we call a cubic mile; of such cubes our 
globe contains 259,800,000,000! Experiments and calculations, into the 
details of which we cannot enter in this place, have taught us the mean 
density of the materials of which our Earth is composed ; we say mean 
density, because the density varies in different strata. [And, moreover, 

the solid crust may not extend to the centre.] This mean density then is 
such that the Earth weighs 53 times more than an equal volume of water 
would do. 

Hence we have been able, as it were, to weigh the Earth, and we have 
found that it weighs 6,069,000,000,000,000,000,000 tons! ‘his is ex- 
clusive of the weight of the air. Does then the air weigh anything? Yes; 
if we suppose it to extend only 37 miles [and we have potitive proof that it 
extends much higher], it will weigh 5,178,000,000,000,000 tons; this 
however, is after all, lesa than the millionth part of the weight of the Earth. 

Such are the dimensions, such is the mass of the planet which serves 
us as a dwelling-place. What in comparison, and considered merely from 
a material point of view, are the works of man either individually or col- 
lectively ? 

Nevertheless, this sphere which appears to us so colossal, must, after 
all, be classed only among the smaller planets of our system; and is but a 
grain of sand compared with our central Sun, and a mere point lost in the 
immensity of the space comprised within the limits of our system. What 
idea then shall we have of the infinity of space, when, leaving our own 
system behind, as we shall shortly do, we shall see that even that entire 
system is but an atom of the Visible Universe ? 

We have just spoken of the total weight of the atmosphere: this is a 
point of mere curiosity. But the pressure which this fluid mass exercises 
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on every inch of surface, on organised beings which are enveloped and 
move in it, on liquids and vapours, is of extreme importance to organised 
life and to the physical conditions under which life is possible. The den- 
sity of the atmosphere, the law of decrease of this density, both in the 
lower and upper strata, are so many facts which have an intimate relation- 
ship with the temperature of the surface at different altitudes, with climate, 
and consequently with the distribution of animal and vegetable life on the 
surface of our globe. 

Moreover, there is @ relationship no Jess decided between the consti- 
tation of the gaseous envelope in which we live, and the way in which the 
solar rays traverse it. 

Every one knows that a luminous ray proceeds in a straight line when 
it traverses a homogeneous medium, that is to say, one of unvarying density. 
The object which this luminous ray brings to our view under these ¢ir- 
cumstances is exactly where it appears to be. 





Fig. 45.—Atmospheric refraction, showing its cffect on the apparent places of bodies in 
the celestial vault. 


If, on the other hand, before it reaches us, the luminous ray has to 
traverse media of different densities, obliquely, each change of density 
makes it deviate from its direct route; and when it reaches the eye, the 
total deviation causes the object not to appear in the true direction which 
it occupies. Its apparent position does not then indicate its real position. 
This phenomenon of deviation takes place in the atmosphere, and is 
called atmospheric refraction. The importance of a proper knowledge of 
refraction in astronomical observations will be understood when we state 
that all celestial bodies are thus more or less displaced : the error resulting 
from this displacement is not the same in every part of the celestial vault : 
it ig much more considerable when the strata traversed are thicker, or are 


THE BOLAR SYSTEM. 


preataited obliquely to the luminous raya; in other words, when the objest 
Gbwerved is near the horizon. 
- The light proceeding from all celestial bodies in all their positions, 
therefore, is refracted unequally, and the effect of refraction is to make 
them appear higher than they really are; to place them nearer the zenith. 

Hence follows a rather curious fact, namely, that the entire disks of 
the Sun or Moon remain still visible when they are mathematically set ; 
that is to say, when they are really below the plane of the horizon. The 

duration of the day is then increased by refraction. The same phenome- 
non, of course, occurs both morning and evening. 

Refraction still prolongs the day, even when the Sun has actually 
disappeared: the upper strata of the atmosphere are still illuminated, when 
the surface of the Earth is already in shade. ‘They reflect earthwards a 
portion of this light, and by this means it is that the night passes into 
day, and day into night, by imperceptible gradations. Such is the cause 
of the morning and evening twilight. In fine, the duration of dawn and 
twilight varies according to the seasons and latitudes. 

Not only is the apparent position of bodies altered by the refraction of 
the atmosphere,* but for the same reason, the form of those with large 
disks, as the Sun and Moon, is modified. Refraction, the intensity of 
which, as we have seen, increases as it approaches nearer the horizon, affects 
the lower limbs of these luminaries more strongly than it does the upper 
ones ; so that the body, already flattened in its upper half, is still more 
so in the lower one. The sea-view, represented in fig. 46, represents this 
curious phenomenon, which can be seen inland as well as at sea, at both 
the rising and setting of the Sun and Moon. Sometimes this deforma- 
tion of the solar and lunar disks is far from presenting the regularity 
and symmetry which are seen in our drawing. The irregularities in the 
density of the lower strata of the air make the body appear under the 
most curious aspects. 

[Recent researches into the action ot the light-rays of the Sunbeam 
have made us acquainted with another class of facts of the utmost value to ° 
physical astronomers, as bearing upon the atmospheres of our sister Planets. 
Indeed, the more we study the marvellous mechanism of our own atmo- 
sphere; its manipulation. so to speak, of sunshine; the reinforcing, tempering 
and economising power it possesses by reason of the aqueous vapours which 

it contains; the more we see that, in spite of many ideas which it will be 
our duty to lay before our readers, it is not impossible that the actual heat 
experienced on the surfaces of all our Planets may be vastly different from 


* Tables of corrections have been calcniated for different heights. These tables 
enable us to find the true position of a celestial body, when the apparent position is 
known to observation. Nevertheless astronomers avoid observing too near the horizon, 
and wait until the body, by virtue of its diurnal motion, has attained its maximum 
pees at the moment of culmination, or of the upper transit of the merdian a» it is 
called. 
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THE EARTH VIEWED FROM SPACE. 
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that to which they would be apparently entitled taking only their distance 
from the Sun inte account. It has been proved that the heat which the 
Earth receives from the Sun is prevented from passing away again into 
space so rapidly as it otherwise would, by the aqueous vapour present in 
the atmosphere. Hence, though the proportion of heat received at Mercury, 
Venus, Jupiter, and Saturn, must correspond to their distance from the 
Sun, yet their atmospheres may be so constituted that the amount of heat 
actually retained may not greatly exceed or fall short of that which we 
enjoy. How far the excess or deficiency of direct heat may thus be com- 
pensated has not yet been demonstrated. | 
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Fig. 46.—Deformation of the Sun's limb at Sunset. 


Let us add, in concluding our notice of the atmosphere with which 
our planet is surrounded, that, by diffusing on all sides the light of the 
Sun, it interposes a bright curtain between the celestial bodies and the 
Earth, which during the day veils, as it were, the starry vault, as the 
stars are not sufficiently bright in comparison to remain visible. © Without 
this diffused light the sky, instead of presenting that azure tint which we 
all know so well, would assume the appearance of a black ground, on 
which the stars would appear and shine in broad daylight, as they do 
when a solar eclipse cuts off the source of its diffused light. 
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THE EARTH. 


MOVEMENT OF ROTATION. 


Apparent Diurnal Movement of the Stars and Sun— Real Rotation of the Earth-- 
The difference between Sidereal and Solar Days— The Rapidity of the Earth’s 
Rotation varies with the Latitude. 


Mencury, Venus, and the Sun, the three celestial bodies the movement 
of which we have studied, each turns round one of their diameters; this 
is a phenomenon which seems general; and it has, in fact, been observed 
in all the bodies near enough and large enough to permit of their surface- 
markings being observed from the Earth. 

The rotatory movement of the Earth was established before that of 
any of the other celestial bodies, and no one at the present time is ignorant: 
of the manner in which it daily manifests itself to us. 

At an hour of the morning, which varies according to the seasons, the 
Sun is seen to appear on the eastern horizon. By degrees it rises, its disk 
becomes entirely visible, and mounts gradually in the sky. At noon it 
reaches the highest point of its course; it then commences its downward 
course, describing, in the second half of the day, an arc symmetrical to the 
first ; it then sets, and finally disappears in the evening in the west. The 
rotation of the Earth is thus shown during the day. 

During. the night the stars accomplish the same apparent movement. 
The entire heavens seem then to possess 2 movement of rotation, which 
always takes place from east to west round a line of constant direction, to 
~vhich astronomers give the name of Axis of the World. This is no other 
than the axis of the Earth. 

It was for some time imagined that the heavens themselves actually 
revolved in this direction; but, in fact, it is our Earth which rotates in a 
contrary one—that is to say, from west to east, with an uniform movement, 
the duration of which, for each rotation, is a little less than four-and- 
twenty hours. Since the time of Copernicus and Galileo, the fact of the 
rotation of the Earth, demonstrated beyond all contradiction, has been 
universally admitted, as well as its annual translation round the Sun; but 
it is none the less true now, that there is still in some minds a singular 
confusion, arising from the fact that they cannot distinguish clearly between 
these two movements. 

The rotation of the Earth, let us repeat, is a daily or diurnal move- 
ment, which is accomplished in about twenty-four hours, and which 
produces, besides an apparent revolution of the entire celestial vault, the 
phenomena of day and night. 

Independently of this diurnal rotation, the Earth has a movement in 
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space, describing round the Sun, like all the other planets, a nearly cir- 
cular curve or orbit. This movement of translation gives rise to the 
vear and the seasons, but it dues not cause the apparent diurnal revolution 
of the starry sphere, nor the succession of days and nights; it only modi- 
fies their relative length, as will be scen in the sequel. 

Let us return to the Karth’s movement of rotation. 

We have before seen, that this movement is uniform ; that is to say, 
its angular velocity is constant. ‘The proof of this uniformity is easy, and 
astronomers have satisfied themselves about it by measuring the length of 


LERETT 
whe W ieee \ 





Fi; . 47.—Comparative length of the sideveal and solar day. 


the arcs described in the same time by different stars. ‘These arcs always 
measure an equal number of degrees. If we note with precision the 
interval of time which elapses between two consecutive passages (or 
transits, as they are called) of the same star over the meridian of a place 
from night to night—between two successive culminations*—we shall 
know the exact length of an entire rotation. 
It has thus been found to be about twenty-three hours fifty-six minutes. 
This interval of time has received the name of a sidereal day,} whilst 
* Astronomers call the vertical plane which passes through the north and south 
points of the horizon of a place, indefinitely prolonged into space, the meridian of 
that place. When a star passes the meridian it is at the highest point of its apparent 
diurnal course. Hence the name of culmination is given to this passage (or transit). 
+ The sidereal day is divided, like the solar day, into twenty-four hours. Sidereal 


and solar hours are divided into sidereal and solar minutes respectively, and so on: 
of this more presently. 
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the term solar day is reserved for the interval of time which elapses 
between two successive passages of the Sun over the meridian: this second 
interval is about four minutes longer than the first. 

Between the solar day and the sidereal day there is a fundamental 
difference,—that of length. There is another not Jess important; whilst 
the length of the sidereal day is invariable, that of the solar day varies 
throughout the year ?* 

We must linger somewhat on the fundamental fact that the sidereal 
day is shorter than the solar one, as it is a fact which follows from the 
annual revolution of the Sun, and in truth is one of the best proofs of its 
existence. This proof is rendered evident by fig. 47. 

We there see the Earth in two positions in its orbit, positions which 
we will suppose separated one from the other, by an interval of a sidereal 
day : that is to say, by an entire rotation. 

In the first of these positions—that on the left, the meridian S O 
passes on one side through the Sun; it is noon for the parts of the Earth 
situated along this meridian in the illuminated hemisphere ; on the opposite 
side it passes, let us say, through some particular star; it is midnight on 
that part of the Earth, situated along this meridian in the dark hemisphere. 

Let us imagine an entire rotation accomplished, while our planet is 
travelling along its orbit. What will happen? This, namely, that the 
meridian considered in its first position, after having rotated round the 
Karth’s axis, is again parallel to that position, so that if the Earth had 
remained fixed in space, the Sun and stars would reappear at the same 
time in the meridian; the sidereal day would have been of the same length 
as the solar day. 

But the Earth is not so fixed; she has travelled onward to another 
point. The star, because it is situated at an infinite distance, is again 
found, after a complete rotation, in the meridian, which, on the illuminated 
side. no longer passes through the Sun. It is clear from the figure, that 
the Earth must still describe a fraction of its movement of rotation, in order 
to bring the meridian we have lettered $ O, again to the Sun. 

Thus, the difference in the length of the diurnal rotation of the Earth, 
and of the solar day, is explained by the annual revolution of our globe 
round the Sun, which is thus proved geometrically. 


* Hence it is that astronomers, with a view of obtaining a convenient and uni- 
form measure of time, have recourse to a mean solar day, the length of which is equal 
to the mean or average of all the apparent solar days in a year. An imaginary Sun, 
called the *‘ Mean Sun,’ is conceived to move uniformly with the real Sun’s mean 
(or average) motion, and the interval between the departure of the mean Sun from a 
meridian, and its succeeding return to it, is the duration of the mean solar day. 
Clocks and chronometers are adjusted to mean solar time, so that a complete revolu- 
tion (through twenty-four hours) of the hour-hand shall be performed in exactly the 
same interval as the revolution of the Earth on its axis with respect to the mean Sun. 

As the time deduced from observation of the true Sun is called ‘true’ or ‘apparent’ 
time, so the time deduced from the mean Sun, or indicated by the machines which 
represent its motion, is denominated ‘mean time.’ 
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Since the Earth has the form of a sphere, and turns with an uniform 
angular velocity round an ideal line of invariable direction, there ought to 
result from this movement different rates of movement for the various 
points of its surface. 

At the two poles this velocity is ni/: but from the poles to the 
Equator it increases constantly, as the radii of the circles described by the 
different points along a meridian,—or, in other words, the distance from 
the axis of rotation,—increase as these points are nearer the Equator. 

In twenty-four hours, the circle described by a part of the globe, situ- 
ated in the latitude of Paris, is entirely traversed, as is that parallel to it, 
in the latitude of Reikiawik in Iceland, or, finally, in the latitude of Quito 
on the Equator itself. These circles are of very different lengths. Hence 
very unequal real velocities. These velocities are, at Reikiawik, 221 yards; 
at Paris, 333 yards; and at Quito (on the Equator), 5U7 yards a second: 
or 450, 682, and 1038 miles an hour respectively. 

How is it then, that, carried with such rapidity, we do not ourselves 
perceive our movement? It is because the entire bulk of the Earth, 
atmosphere, and clouds, participate in the movement.® 

This constant velocity, with which all bodies situated on the surface 
of the Earth are animated, would be the cause of the most terrible and 
general catastrophe that could be imagined, if, by any possibility, the 
rotation of the Earth were abruptly to cease. Such an event would be 
the precursor of a most sweeping destruction of all organised beings. 

But the constancy of the laws of nature permits us to contemplate 
such a catastrophe without fear. It is demonstrated that the position 
of the poles of rotation on the surface of the Earth is invariable. It 
has also been asked whether the velocity of the Harth's rotation has 
changed, or, which comes to the same thing, if the length of the sidereal 
day and that of the solar day deduced from it have varied within the 
historical period? Laplace has replied to this question, and his demon- 
stratian shows that it has not varied the one hundredth of a second 
during the last two thousand years. 


* Who was that ingenious inventor who, seriously or otherwise, suggested that we 
should utilise the Earth’s rotation as the most rapid mode of locomotion at once 
the most simple and economical that could be conceived? This was to be accom- 
ead by rising, in a balloon for instance, to a height inaccessible to acrial currents. 

hen the balloon, remaining immovable in this calm region, would simply await the 
moment when the Earth, rotating underneath, would present the pluce of destina- 
tion to the eyes of the travellers, who would then descend. A well-regulated watch 
and an exact knowledge of longitudes, would thus render possible travelling from 
east to west, all voyages from north to south, or from south to north, naturally being 
interdicted. This suggestion has only one fault; it supposes that the atmospheric 
strata do not participate in the movement of rotation of the solid part of the globe. 

The inventor did not remark that on the hypothesis of an immovable atmo. 
sphere, while we rotate at London with a velocity of 333 yards a second, there would 
result a wind in the contrary direction ten times more violent than the mont terrible 
hurricane. Is not the absence of such a state of things a convincing experimental 
proof of the participation of the atmospheric envelope in the general movement ? 


H 
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VI. 
THE EARTH. 


REVOLUTION ROUND THE SUN. 


The Year— Dimensions of the Earth’s Orbit—-The Seasons— Difference in the 
Length of Days and Nights, according to the Seasons and Latitudes— Zones 
and Climates. 


Tne movement of the Earth on its axis manifests itself to us, as we have 
seen, by an apparent revolution of the whole heavens in the space of a day. 

By a similar illusion, the Sun seems to describe in a year, round our 
planet, an orbit which, in reality, is traversed by the Earth round the Sun. 

The exact time of this revolution, in mean solar days, is 865 days 6 
hours {} minutes 10 seconds and 75 hundredths of a second. In this 
interval of time, the Earth sets out from one part of its orbit, travelling in 
a direction from right to left, or from west to east, and regains the point 
of departure; accomplishing thus, without end, and always in the same 
manner, its movement of translation. 

This orbit is not a circle, but an ellipse, of which the Sun occupies one 
focus. The mean radius of the orbit, that is to say, the mean distance of 
the Sun from the Earth, measures 95,298,000 miles. 

The velocity of the Earth’s passage along this immense curve is vari- 
able, but its average rate is 33,290 yards a second, or 68,000 miles an 
hour. §So that we not only rotate every instant, describing arcs round the 
terrestrial axis, the length of which, varying with the latitude, may reach 
as high as 500 yards a second; but we are again carried through space 
with a velocity which exceeds 19 miles a second. 

If we contemplate the dimensions of the globe and the enormous mass 
of the Earth, the imagination will be confounded in the presence of the 
gigantic ball, which glides through space with such rapidity. 

A calculation of two contemporary philosophers, Helmholtz and Mayer, 
will perhaps give an idea of the prodigious movement which impels our 
globe. ‘These physicists have endeavoured to ascertain what amount of 
heat would be developed by the abrupt stoppage of the Earth in its orbit. 
They have found that this heat would suffice to melt the entire globe, and 
to reduce a great portion of it to a state of vapour. 

If it be true that the Earth moves thus around the Sun relatively 
fixed, in proportion as she travels in one direction along a certain portion 
of her orbit, the Sun itself will seem to describe an equal arc in a contrary 
direction when we consider the ares described separately ; but if we com- 
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pare, in fig. 48, the real curve described by the arth with the apparent 
one described by the Sun, we shall see that the directions are the same, 
So that, as the proper movement of the Sun, which causes the delay of its 
passage across the meridian, or, what is the same thing, the inequality of 
the solar and sidereal days, takes place from west to east, the real move- 
ment of the Earth is also effected in the same direction. It is for want of 
comprehending this, that some authors with rather imaginative minds have 
cried out against the fallacies of astronomers. 

The Sun, then, must move each instant across the starry vault of the 
heavens, and its centre will coincide from day to day with different stars, 
During the day this displacement is not perceptible when no exact mea- 
sure of the position of the Sun is taken. But we need only recognise that, 
corresponding with the displacement of the Sun during the day, there 
must be an analogous movement of the heavens during the night, to com- 
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Fig. 48.—Roal] Orbit of the Earth, and apparent Orbit of the Sun. 


prehend that the aspect of the constellations must vary throughout the 
whole year. It is in consequence of the translation of the Earth, that the 
heavens defile progressively over the horizon of any given place, or if not 
the whole heavens, at least that portion of them which are brought by the 
diurnal movement above that horizon. 

The length of the year, that is to say, of the interval of time which 
elapses between two successive passages of the Earth through the same 
point of its orbit, is about 365} mean solar days. How many entire 
rotations on its axis does our globe execute during that time ?—366}; in 
other words, if the number of tha§olar days of the year is 365}, the number 
of the sidereal days is exactly greater by unity. 

This is a direct consequence of the yearly revolution of the Earth, 
combined with its diurnal movement of rotation. The same phenomenon, 
which at first seems paradoxical, is produced in all the other planets, what- 
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ever the number of rotations accomplished during a complete revolution 
round the Sun, and whatever the durations of their sidereal and solar days. 

Let us recall the fact that after an entire rotation the Sun, which at 
the point of departure passed the meridian at the same time as a given 
star, lags behind about four minutes. At the following rotation there is 
further delay, which is added to the preceding one: and so on, until the 
annual revolution being terminated, matters are found in the same state as 
at the beginning. Now, if in order to return to a coincidence of the Sun 
with the star which serves as a means of comparison, the Earth has effected 
366 rotations on its axis, the star will have passed 366 times over the 
meridian, whilst the Sun, exactly behind one transit, will have returned to 
the meridian once less, that is to say, only 365 times. 

Let us now pass to other phenomena of great interest to the inhabitants 
of the Earth,—phenomena which have their source in the double move- 
ment of our planet. 

From one day to another the inhabitants of the same place—let us 
rather say, the inhabitants of the same latitude—see the Sun ascend above 
the horizon to variable heights. The points in the east and west, where 
the radiant body rises and sets, change their places; the Sun at noon 
attains a greater or less altitude, and the length of its daily sojourn above 
the horizon gives to the days and nights their variable and unequal 
lengths: hence different temperatures and diversified climatic conditions ; 
hence the Seasons. On the other hand, these conditions themselves change, 
not only in both hemispheres of the Earth, but even in the same hemi- 
sphere, according to the latitude of the place considered. Hence climate, 
frigid zones with long days and nights, temperate zones, torrid zones, and 
the regions nearest the equator, which have each year two summers and 
two winters, and where the length of the day is always equal to that of 
the night. 

The astronomical reason of all these phenomena rests in the simul- 
taneous movements of the Earth. But there is a circumstance which 
influences their succession in a dominant manner, and on which we must 
now fix our attention. 

Let us glance at Plate V., which represents the orbit of the Earth and 
the position of our planet in various points of it. We shall see that the 
‘axis of rotation is neither perpendicular to the plane in which the orbit lies, 
nor in this plane, but that it forms with it a certain angle (66° 32/ 42”) 
nearly equal to two-thirds of a right angle. This inclination is constant 
during the whole year, or at least varies only between very small limits : 
besides this, the axis always remains parallel to itself. It is the parallelism 
of the axis which accounts for the nearly invariable position of the celestial 
pole above the horizon in each locality, provided we bear in mind the 
nearly infinite distance of the stars from the Earth. 

Among all the positions which the Earth occupies in its orbit, there 
are four principal ones, diametrically opposed, in pairs, which influence in 
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a most important manner the relative lengths of day and night, and the 
seasons : these are the two equinoxes and the two solstices. 

Here are the order and dates of their succession ; 

Towards the 21st of March the Earth is at the first of these points, 
called the Spring Equinox ; then comes the Summer Solstice, about the 
21st of June; the Autumnal Equinox, near the 22nd of September; and, 
lastly, the Winter Solstice, which generally falls on the 21st of December. 
Each of these points marks the commencement of the season after which it 
is named. The precise epochs of these four fundamental positions vary 
each year, but within a somewhat restricted limit, as may be seen from the 
following table :— 

CoMMENCEMENT OF THE Four SEAsONs. 
1865 


Spring . . . March 20,8910" am. « « March 20, 2°15" p.m. 
Summen. . . June2l, 5 25 am. . . June2l, 10 55 am. 
Avtuyun. . . Sept.22, 7 1 pm. . . Sept.23, 1 & am, 
Winter 6. . Dec. 21, 1 13 p.m. . . Dec. 91, 6 59 p.m. 


When the Earth is at one or the other of the equinoxes, the plane of 
the Equator prolonged passes precisely through the centre of the Sun. 
The two poles of the planet are then symmetrically placed with regard to 
the radiant body, and the circle of separation of the illuminated hemisphere 
and the dark hemisphere lies in a meridian. 

It results from this particular position that each part of the Earth, 
whatever its Jatitude, describes half its daily journey imposed on it by the 
Earth's rotation in shade, and half in sunshine. Fig. 49 will explain this. 

Thus, at the time of the equinoxes, the length of the day is equal to 
that of the night all over the world. The Sun remains twelve hours above 
the horizon of each place, and twelve hours below it. 

From the epring equinox to the summer solstice the Earth traverses 
the portion of its orbit which corresponds to the months of April, May, 
and June. Its axis remaining always parallel to itself, one of ite poles, 
—the North Pole,—is turned more and more towards the Sun; during 
the same period the South Pole, on the contrary, is turned more and 
more away from it. The day and night become more and more unequal 
G length, and this inequality attains its meridian towards the 21st of June 

g. 50). 

The circle of separation of sunshine and shade having travelled farther 
from the Pole, it follows that the lengths of the nights of the northern 
hemisphere has continuously decreased; the day. on the contrary, in- 
creasing. and in much greater proportion as the “places are more aula 
from the equator. 

The southern hemisphere has, during this period, experienced inverse 
phenomena : at the equator only ‘has the day continued to be equal with 
the night. 

From the 21st of June to the 22nd of September, the Earth passes 
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from the summer solstice to.the autumnal equinox. During the second 
period, the North Pole is turned towards the Sun, while the South Pole 
remains plunged in darkness ; the alternations of day and night present, 
in inverse order, during the summer the same phenomena as during the 
spring. 

Thus, for six months, the regions near the North Pole have con- 
tinually seen the Sun above the horizon, those of the South Pole have 
always had it below. Hence, in their icy deserts, here a day of six 
months, there a night of six months, tempered, it is true, by a continual 
twilight. During each twenty-four hours, in consequence of the diurnal 
rotation, the Sun thus describes a curve, which grazes the horizon, though 





Fig. 490.—Tho Ecrth atan equinox, Equal day and night all over the world. 


not quite parallel to it, describing a double spiral, which rises constantly 
until the 20th of June, and afterwards descends to the beginning of autumn. 
If the course of the Earth during one half of the year has been well 
understood, it will be easily seen how, during the other half, similar 
phenomena will occur in symmetrically inverse order. At the autumnal 
equinox we shall have equal days and nights throughout the Earth. The 
autumn and winter of the northern hemisphere will be the spring and 
summer of the southern one. The same differences in the relative lengths 
of night and day will also be presented : the only difference arising from 
the different length of the corresponding seasons in the two hemispheres. 
A word now on the inequality of seasons. 
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Let us once more insist upon the fact, that the orbit of the Earth is 
not a circle, but an ellipse, and that the Sun is not in its centre, as would 
appear from Plate VI, but in one of its foci. More than this, the major 
axis of the ecliptic—which is the astronomical term for the orbit of the 
Earth—does not exactly pass through the solstices, In fig. 51 their non- 
coincidence has been purposely exaggerated. 

We shall immediately comprehend from an inspection of the diagram 
that winter ought to be the shortest, and summer the longest, of the four 
seasons : the two other seasons are of intermediate lengths, spring being 
the longer of the two. 

This would be true, owing to the fact of the inequality of the are 





Fig, 50.—The Earth at a Solstice. Unequal day and night. 


traversed alone even if the Earth travelled with a constant velocity over 
every portion of its orbit. But the inequality is largely increased from 
another cause. 

We shall see in the sequel, that every planet moves round the Sun 
with variable velocities, and more rapidly as it approaches the common 
focus. The Earth, therefore, moves less quickly during the summer 
season of the northern hemisphere than during the winter season, and this 
again contributes to increase the difference in their lengths. 

The mean durations of the seasons in the order in which we have 
epoken of them, are as follow :-— 


‘ Days. Days. 
Spring... . . 692°9 Autumn ... . 897 
Summer .... 6 Winter .... 890 
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The first two seasons, as do the two others, differ only but seven-tenths 
of a day, that is to say, 16 hours 48 minutes. But the spring exceeds the 
autumn by 3 days 4 hours 48 minutes, and the summer is longer than the 
winter by 4 days 14 hours and 24 minutes. 

At the extremities of the larger diameter (or ‘major axis,’ as it is 
called) of its orbit, the Earth is nearest to and most distant from the Sun. 
It is at its maximum distance, or aphelion, in the first days of July, and 
at its maximum distance, or perihelion, a few days after the winter 
solatice—about the 31st of December. 
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Fig. 51.—Orbit of the Earth. Varying length of the different Seasons. 


Thus the Sun is farther from us during the spring and summer than 
during the autumn and winter of the northern hemisphere, a circumstance 
which proves that it is not to the decrease of the Sun’s distance that we 
must attribute the increase of heat, or rather of temperature, of any given 
place on our hemisphere. 

During the northern spring and summer the Sun remains above the 
horizon of a place longer than in autumn and winter; the length of the 
day exceeds more and more that of the night as the solstice is approached. 
That is the most important cause of the increase of temperature during the 
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summer months. Another cause, not to be passed over, is the height of 
the Sun above the horizon. The diurnal arc described by the great light- 
giver rises higher and higher from the time of the spring equinox to the 
summer solstice, returning in inverse order from the summer solstice to 
the autumnal equinox. The rays that he sheds on the divers points of 
the northern hemisphere traverse the atmosphere less obliquely than in 
winter and autumn; and the intensity of the heat received is much 
greater when this obliquity is less. 2 circumstance easily explained by the 
smaller thickness of the atmospheric strata traversed. Besides, if we leave 
the thickness of the atmosphere out of the question, the obliquity of 
which we speak is in itself a cause why the heat received should be less 
considerable. 

The preceding explanation applies to the southern hemisphere during 
the seasons of autumn and winter, which are to it what spring and summer 
are tous. And as the Sun is, besides, at a Jess distance from the Earth, 
the intensity of the heat is greater: as also in the winter seasons of the 
same hemisphere the cold is more intense. In the long run, however, these 
Inequalities are compensated, and the mean temperatures of the year are 
nearly the same, both north and south of the Equator. 

We speak here merely of the purely astronomical influences, leaving 
out of the question the thousand local disturbing causes which may exist 
or arise ; the climate of a place being a resultant of them all. From this 
point of view it is also easy to comprehend why the maxims of heat and 
cold do not fall exactly at the solstices, but some little time after, in July 
and January. Irom the 2Uth of June the Earth, already warmed by the 
days of spring, continues to receive from the Sun during the day more 
heat than it radiates during the night: its temperature, therefore, still 
increases. On the other hand. towards the 21st of December, the Earth, 
already chilled by the long nights of the autumnal period, still continues to 
get colder, because it loses more heat during the night than it receives 
during the day. 

More than this, the seasons are very different for every point of the 
same hemisphere. From the equator to one or the other pole, we pass by 
imperceptible degrees from an intense heat to an extreme cold. On the 
surface of the globe, five zones or climates are distinguished, which succeed 
in the following order : 

The Torrid Zone, which comprises all the regions north and south of 
the equator, where the Sun is vertical twice a-year; it is bounded by the 
tropics in lat. 23° north and south. 

Two Temperate Zones, which extend on either side the tropics to a 
latitude of 66°. To all the countries comprised in these zones the Sun 
never rises to the zenith, and the limit of its least meridional altitudes is 
comprised between 66° and the horizon. 

Lastly, two Frigid or Circumpolar Zones. Within the limits of 
these zones the Sun descends to the horizon and disappears even beneath 
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it, here for one day, there for six months. It never rises to an altitude 
greater than 46°, and at the pole itself the maximum altitude is but half 
that quantity. 

The superficial areas of these zones are very unequal: the torrid zone 
embraces ++,°-ths of the total surface of the terrestrial spheroid ; the two 
temperate zones, +**,ths ; and, lastly, the two frigid zones, +#>ths. Thus 
the two temperate zones, the most favourable to human habitation and to 
the development of civilised life, comprise more than half the extent of the 
Earth ; the frigid zones, which may almost be termed uninhabitable, form 
a very small fraction. In these quantities both land and sea are included. 


The various phenomena which we have just considered depend directly 
upon the rotation of the Earth and its annual movement of translation in 
space. The length of this rotation, or of the sidereal day, the inclination 
and the parallelism of the axis, the duration of the year, the form of the 
orbit and its rea] dimensions, are so many elements which combine to 
produce them. If all, or some of them, were to change, the days and 
nights, the scasons and climates, would change also, and the consequences 
which would result to the conditions of life on our planet would produce, 
either in the long run, or suddenly, the most profound modifications and 
most considerable changes. 

We have already seen that the length of day has remained invariable 
during the historic period. The same may be said of the vear. But if 
the form of the terrestrial orbit and the inclination of the axis of rotation 
vary imperceptibly, the periodical variability of these elements is confined 
within narrow limits, so that, except for unforescen and improbable cata- 
strophes, the astronomical conditions of our planet can be considered as 
invariable. The source of the light and heat, and even of life, on our own 
wlobe, and on the other plancts, no doubt, is being gradually dried up, but 
calculation has shown that millions of years must clapse before the gradual 
weakening of its rays can modify perceptibly our terrestrial climates. 

When we come to study the other members of our system, we shall 
soon find the most curious variety in the astronomical—and therefore 
climatic—conditions of each of them. Governed by identical laws, they, 
nevertheless, will present to us the most wonderful diversities, in the same 
manner as the organic kingdom constructed with a small number of simple 
elements on a plan, the unity of which is, day by day, becoming more 
evident, furnishes, nevertheless, to the intelligent admiration of man a con- 
siderable number of various substances, and a still more prodigious number 
of genera, species, and varieties. 
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VII. 
THE MOON. 


Phases of the Moon—Its Movement round the Earth—Dimensions and Distances: 
recent measures, Effect of Irradiation in the Case of the Moon—Rotation— 
Rotation and Revolution performed in the same time—The Moon's Orbit always 
concave of the Sun—The Moon's Rotation on its Axis. 


Owtne to its successive and periodical appearances and disappearances,— 
the variety of form of its luminous portion, and the varying illumination 
due to its light, the Moon is certainly the body which above all others gives 
the greatest diversity to the aspect of our nights. The white and soft light 
with which it inundates the landscape is the delight of all those who are 
sensible to the beauties of nature; poets have not failed to introduce it in 
their descriptions, and painters in their pictures. But the absence or the 
presence of the Moon in the starry vault is not less interesting to astro- 
nomers than to artists—to science than to poctry. It is only from the 
astronomical point of view that we shall here speak of it. 

When the Moon shines in the heavens, when even she shows us a 
small part only of her illuminated side, the brightness of her light effaces 
the smallest stars visible to the naked eye. The number of stars thus 
rendered invisible—put out as it were, is much more considerable as the 
Moon approaches the full; then the glimmer of the Milky Way is lost in 
the diffused light of the atmosphere, and only the most brilliant stars 
remain perceptible to the unaided vision. Moreover, as the time during 
which the Moon is visible increases with its brightness, it soon becomes 
impossible for astronomers to make delicate observations, at least if they 
do not propose to study the Moon itself, or the more brilliant stars. 

Happily for observers, the Moon disappears periodically from the 
heavens, and thus restores to the celestial vault, when the air is clear and 
calm, all its splendour and magnificence. The great proximity of the 
Moon to the Earth, which it incessantly accompanies in its revolution 
round the Sun, makes it one of the most interesting among the celestial 
bodies. What can be, in fact, more curious than this little system in the 
vast system of the solar world: this Earth in miniature, perpetually exe- 
cuting round our globe a series of movements entirely similar to those that 
our Earth in turn performs round the Sun. Further on, when we shall 
see other planets, accompanied also by satellites, and forming with some so 
many little systems, we shall more easily be able to appreciate the pheno- 
mena which these satellites present to observers situated in the primary 
body, if we in this place study those presented by our own Moon and 
Earth in detail. 

Let us begin with our satellite as it appears to the naked eye. 
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Iwo facts are known to every one: first, that in an interval of twenty- 
nine or thirty days, the Moon is seen under a series of appearances which 
are called phases, which are reproduced periodically in the same order. 
Second, that it always presents the same face to the Earth, in such a 
manner that we only see one of its hemispheres: the other half of the lunar 
globe remaining for ever invisible to us. 

Now, these two facts are proofs positive, that the Moon has two motions, 
one of revolution round the Earth, another of rotation on itself. These 
two movements, by a curious coincidence, are made in the same interval of 
time. If we follow the Moon through the course of one of its revolutions, 
we shall be convinced of the reality of these movements, and of the fact 
that they are both performed at the same time. 

We know that there is a New Moon, when our satellite is invisible, both 
during the day and night. It then occupies in the heavens a place very 
near the Sun, presenting to us its dark hemisphere; for this reason, and 
because also it is lost in the splendour of the solar rays, it is invisible to us. 

About four days elapse between the disappearance of the Moon in the 
morning in the east, and its reappearance in the evening in the west, a 
little after the setting of the Sun; the instant of new moon occurs precisely 
in the mid interval ; after this epoch it gradually emerges from the Sun's 
Tays. 

We see it first (Plate VI) in the form of a very slender crescent, the 
convexity of which is turned towards the point below the horizon occupied 
by the Sun: at this time the obscure portion of the Moon's disk is seen 
very distinctly. The delicate transparent tint which renders it visible is 
known under the name of Earth-shine, or Zumiere cendrée, and is due to 
the reflected light of the Earth. 

Drawn along, apparently, by the diurnal movement, the body soon 
sets below the horizon. The next day the same appearance again occurs, 
but already the crescent is less delicate, the luminous portion larger, and 
the Moon somewhat farther from the Sun, setting also a little later. 

The fourth day after the new Moon, the form and appearance of our 
satellite, which sets only three hours after the Sun, is that which is re- 
presented in the second figure of Plate VI. The Earth-shine is still very 
perceptible, although it diminishes more and more, to disappear altogether 
at the following phase, which is called the First Quarter. 

Between the seventh and eighth days of the Moon, it is presented to us 
under the form of a semicircle, partly visible during the day, as this time 
the diurnal movement only causes it to approach the horizon some six 
hours after sunset. In the preceding phase, the various features spread 
over the Moon's surface were visible. But at this time these markings 
are distinguished with great clearness on the luminous half-circle, more 
especially at the division between the illuminated and the dark portion 
called ‘the terminator.’ 

Between the first quarter and the Full Moon, seven days again elapse, 
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during which the form of the illuminated part approaches nearer and 
nearer to that of a complete circle; the Moon rises and Bets later and later, 
always turning towards the west the circular portion of its diek. 

Lastly, it presents to us the whole of its illuminated portion, about 
fifteen days after the new Moon ; then the hour of its rising 1s nearly that 
of the setting of the Sun, which in payee 
turn rises when the Moon sets. It is 
midnight when it attains the highest 
part of its course, Or, in astronomical 
language, when it passes the merl- 
dian; then the Sun itself passes the 
lower meridian under the horizon ; 
that is to say, relatively to the Earth, 
the Moon is precisely opposite the 
Sun. 

From the time of full Moon to the 
next new Moon, the circular form of 
the visible portion of the disk dimin- 
ishes by degrees, and at last puts 
on the appearance first noticed,—that of a slender crescent. But this time 
the convexity is turned towards the east; in fact, the half circle bounding 
the illuminated portion naturally always faces the Sun. 

In the mid interval which separates the full Moon from the following 
period, at the Last Quarter we get a phase like that presented at the first 
quarter, but inversely situated. In this second part of the lunar period, 
or Lunation, the apparent position of the Moon in the Heavens approaches 
nearer and nearer that of the Sun. Towards the last days, it precedes 
its rise by very little, until it is again lost in its rays, finally to disappear, 
and then to again appear as a New Moon, at the commencement of the next 
lunation. The Earth-shine again becomes visible, after the last as before 
the first quarter, and becomes more apparent as the visible portion of the 
disk diminishes. 

This succession of the phases of the Moon, which is constantly repro- 
duced, and always in the same manner, results evidently from the move- 
ment of the Moon round the Earth. This will be easily understood from 
fig. 53, and it will be there seen why the phases of successive lunations are 
precisely the same when the Sun, the Earth, and the Moon occupy the 
same relative positions ; while, if we referred the place occupied by the 
Moon to the stars, in two or more similar and consecutive phases, it would 
be seen that it does not occupy the same point of the sky—that it does 
not even traverse the same constellations; a fact which results not only 
from the movement of the Earth in its orbit, but from the variations of 
the movement of the Moon in hers. In a little more than 294 days,* 





Fig. 52,—Last phase of the Moon. 


* 29 days, 12 hours, 44 minutes, 3 seconds. 
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Fig. 58.—Orbit of the Moon. Explanation of the Phases, 


sidereal revolution.* This difference is due to the movement of the Earth 
round the Sun. 


Considering the Earth as fixed, the orbit which its satellite describes 
round it is an ellipse of which the Earth occupies one of the foci. The 


* The Moon's sidereal day is 27 days, 7 hours, 43 minutes, 111 seeonds long. 


distance, therefore, which separates the two bodies, varies incessantly, and 
as a consequence, the apparent diameter of the Moon varies also, but 
inversely ; a fact proved by observation, and especially by micrometrical 
measures of its disk. _ 

The figures here given will enable us to form a precise idea of these 
variations. | | Serge. oe 


The greatest distance of the Moon from the Earth is about 643 .times 
the equatorial radius of our globe. When the Moon ig at this distance, it 
is said to be in apogee. At the time of perigee,* that is to say, its least 
distance, it is not further from us than 572 of these radii, whence it results 
that its mean distance is G0} radii, that is, nearly equal to the 400th part 
of the distance of the Earth from the Sun, which is, as we have seen, in 
round numbers 24,000 terrestrial radii. We must then make a chain of 
thirty globes, equal in size to the Earth, touching each other, and in a 


straight line, to reach the Moon. [According to the latest, researches ‘of 
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Fig. 54.—Apparent dimensions of the Moon ut its extreme and mean distances from the Earth. 


Professor Adams, the mean distance o* the centres of the Earth and 
Moon is 238,793 miles, and this we know to be correct within a very few 
miles. ] 

After we have passed the heavens under review, we shall return to the 
interesting question of the distances of the different bodics, and we shall 
attempt to give an idea of the methods which enable us to determine 
them. We shall then see how, relying on very simple geometrical prin- 
ciples, and aided by instruments of great perfection, astronomers can 
measure the distances of some bodies near the arth, infer from these 
measures the distances of the other members of the system, and, finally, 
gauge the profundities of the ethereal vault without quitting the movable 
stand-point where Nature has placed us. 

The mean distance which separates us from the Moon is but little 
more than nine times the circumference of the Earth at the Equator. 
There are many sailors who have, in their voyages, traversed as long a 


* Apogee, from dai, from, and yi, the Earth. Periyee, fron wil, near, and yi. 
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distance—one that an express train would easily accomplish in less than 
300 days. 

The apparent magnitude of the lunar disk varies, as we have seen, 
with the distance of the Earth from the Moon: but even on the surface 
of our globe, sud at the same instant, the diameter of the disk does not 
appear of equal magnitude to all observers. It appears smaller to an 
observer who sees the Moon rising or setting at the horizon than to him 
who sees it at the zenith. 

T’o the former, the distance A L of the Moon is nearly equal to the 
actual distance of the centres of the two bodies. To the latter, on the 
contrary, the distance A’ L is equal to the first diminished by the terres- 
trial radius, or by the sixteenth part of the total distance. 

Hence it follows, that as the Moon is carried by the Earth’s rotation 

‘from the horizon of any place to its zenith, that place is actually brought 
nearer to it some 4V0U miles. The lunar disk should, therefore, appear 





Fig. 55.—Difference of the distances of the Moon at the horizon and at the zenith. 


to us larger at the zenith than at the horizon ; but, singularly enough, by 
a pure illusion, the opposite effect obtains; at the rising and setting of 
the Moon its disk appears to us enormous; it seems, on the contrary, to 
diminish insensibly when it is removed from the objects situated on the 
horizon and mounts the starry sky. 

We have remarked, that this is a pure illusion. T'o be convinced of 
it, it is sufficient to take exact measures when the Moon is in the two 
positions: if this be done with rigorous exactness by means of an inatru- 
ment, to make the result independent of our ordinary way of judging, it 
is entirely opposite to the appearance. How is this singular phenomenon 
explained ? 

By an error of oir judgment. When the luminous disk of the body 
is near the horizon, it seems placed beyond all the objects on the surface 
of the Earth interzosed between us and it, and therefore more distant than 
at the zenith, whe1e nothing separates it from us. Now an object which 
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[A recent discovery of very great interest shows us that in the case of 
the Moon, the word ‘apparent’ means much more than it does with 
regard to other celestial bodies. Indeed, the brightness of the Moon 
causes our eyes to play us false. As is well known, the crescent of the 
new moon, by an effect of irradiation, seems part of a much larger sphere 
than that which it has been said, time out of mind, to ‘hold in its arms.’ 
We now learn that the bright portion of the Moon, as seen in our measur- 
ing instruments as well as with the naked eye, covers a larger area in the 





Fig. 56.—Comparative dimensions of the Earth and Moon. 


field of view of the telescope, than it would do if it were not bright. This 
has recently been proved by measuring the dark: Moon. Our readers may 
possibly ask how this has been done? Well, we get an approach to u 
dark Moon when we observe the occultation of a star at the dark limb ; 
and under these circumstances, it has been recently found by the Astrono- 
mer Royal, that in the main, all such occultations go to show that the 
limb of the Moon is not so far away from its centre, in other words, that 
its radius is not so great, as we thought. Again, in total or annular 
eclipses, we deal entirely with the dark Moon, and Mr. De La Rue’s 
exquisite photographs of the total eclipse of 1560 entirely endorse the 
results of the twenty-five years’ labours at Greenwich. 

* If, when the disk of the Moon appears at the horizon with these illusory di- 
mensions, it is looked at with the naked eye through s tube, or the hands placed 
tubewise, the illusion disappears; it does not seem then to exceed in size the lunar 


disk seen at the zenith. 
+ The diameter of the Earth being 1, that of the Moon is 0:2729. 
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The Astronomer Royal’s result is, that the Moon’s angular diameter 
hitherto received is too large by 2”. Mr. De La Rue's, that it is too 
large by 2°15. And this quantity 
must be looked upon as a ‘telescope- 
fault.’ 

Hansen gives the mean angular 
semi-diameter of the Moon as 
15’ 33”-36. We must now call it 
15’ 31"-36; and its diameter, which 
was formerly supposed to be 2160 
miles, or a little more than a quarter 
of the diameter of the Earth, must 
be reduced by something like seven 
miles. We shall have something else 
to say on this discovery when we refer 
to the question of the lunar atmo- 
sphere. | 

Supposing the Moon spherical, 
the total surface of its two hemi- 
spheres, visible and invisible, is equal 
to a little less than the thirteenth part 
of the surface of the terrestrial globe ; 
that is to say, that it measures 
14,568,000 square miles. Lastly, if 
from its superficial extent we pass to 
its volume, we find that the Moon is 
scarcely more than the forty-ninth 
part of that of our Larth, or 
5,200,000,000 cubic miles. 

The Moon’s motion, we have 
befure remarked, is effected along an 
elliptical curve or oval, at one of the 
foci of which is the Earth. Such 
would be, indeed, the lunar orbit if 
the Earth remained fixed in space. 
But it is well known, that, far from 
remaining at the same spot, our globe 
itself travels round the Sun in an 
orbit the mean radius of which is 
four hundred times greater than that 
of the Moon. <As the Moon accom- 

1. Amplified. 5 In ita relative dimensions, Panties the Earth in its stupendous 
journey, keeping the relative positions 
necessitated by its circum-terreatrial movement, it follows that the form of 
its real orbit is much more complicated than a simple elliptic one would be. 
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[Its real path consists of a series of curves, or rather of an’ 
curve, concave throughout to the Sun, and intersecting the orbit of the 


Farth twice during a lunar month. ] —- 
"Bat the total departure of the Moon from the Earth’s orbit does not 


exceed the z4qth part of the radius; 20 that, if drawn to scale on a large 
sheet of paper, it would be almost impossible to detect the departure of the 
Moon’s orbit from that of the Earth, ~~ 


If the Earth and the Moon, instead of moving simultaneously along 
their orbits in such a way as to occupy the five positiofis indicated in 
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Fig. 58.—The curve described in a year, by the Moon round tho Earth. 


fig. 57 [which will be understood to be grossly exaggerated, nor is the 
real orbit precisely represented], were simply, the first to remain at rest, 
and the second to circulate in ita orbit round our globe; it is easily seen 
that the appearances presented would be precisely the same, at least if we 
compare the positions ef the two bodies with regard to the Sun. 

It is in this manner that a person, on the deck of a vessel in motion, 
believes that in walking round the mast he is moving in a circle, whilst 
the curve which he describes on the surface of the sea is a sinuous curve, 
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the form of which is analogous to that of the real orbit of the Moon. In 
reality, the path which this person traverses is more complicated still; and 
to obtain its real form, we must take into account his proper movement, 
the movement of the vessel on the sea, the double movement of rotation 
and of revolution of the Earth itself. It will be seen later on, that the 
Sun moves also through space, drawing with it the Earth, the other 
planets, and their satellites; whence follow, for the orbits of all those bodies, 


Fig. 59.—Rotuation of u sphere, supposed to be at rest. 


sinuous curves, the degree of complexity of which varies with the number 
of the various motions with which they are animated. 

We must recollect that it is the phases of the Moon which}have 
demonstrated to us its revolution round the Earth. This movement, added 
to the fact that the Moon constantly presents the same hemisphere to the 
Earth, proves that it turns also on itself, in a period of time exactly equal 





Fig. 60.—Actuai movement of rotation of the Moon in the interval of a lunation. 


to the length of its sidereal revolution, that is to say, in about twenty-seven 
days and a third. 

In speaking of the movement of rotation of the Moon on its axis, it is 
right to anticipate an objection often made, proceeding from a false idea 
sometimes conceived of the rotatory movement of a movable body. ‘Since 
the Moon,’ it is said, ‘ always presents the same face to us, it cannot turn 
on itself. If it turned on an axis or pivot, it ought to present us all its 
sides successively.’ Such is the objection simply put. 

To solve this difficulty, let us examine into the phenomena. What is 
a movement of rotation? How is it known that a body, a sphere for 


THE MOON. j7t 


example, does relate? and how is it known when an entire rotation haa 
been completed? Evidently, when the sphere has presented successively 
one of its sides towards every point of the space which surrounds it. If 
we divide the entire rotation into four periods, the accompanying diagram 
will show how the sphere would be seen at the commencement of each of 
those periods, to an observer at rest. 

Now if the sphere, during the exact time that it takes to effect this 
rotation round its axis, executes a movement of revolution round the 
observer, whether the observer be at rest or not, it is none the less evident 
that the entire rotation would be effected if the side, of which the point A 
forms the apparent centre, is successively presented to all parts of space. 
Now, this is the case with the Moon, during a complete revolution in its 
orbit, as may be seen from the comparison of figures 5 and 60.* 

We shall see further on, that it is not rigorously true to affirm that the 
Moon always presents the same face to the Earth; our satellite, in fact, 
undergoes what astronomers call a Uibrat‘on, or apparent swinging from 
east to west, and another from north to south. 

These librations result from causes of which more anon; it is sufficient 
here to know that they do not modify the fundamental fact of the equal 
duration which characterises the two simultaneous movements of rotation 
and revolution of the Moon. More than this. the central point of the disk is 
not precisely the same to observers situated in different parts of the Earth. 

We shall now proceed to describe the Moon as it is seen in the telescope, 
and to inquire into what is known of its physical constitution, a question 
of absorbing interest from so many points of view. 


VIII. 
THE MOON. 


PHYSICAL CONSTITUTION. 


The Aspect of the Moon to the naked eye—The Seas or Maria; Mountains— 
Principal Mountain Chains—Volcanic character of the Lunar Mountains — Tho 
Craters Tycho and Copernicus— Walled Plains—Annular Mountain-ramparts — 
Craters, Peaks, and Cones— Terrestrial Analogies — Heights and Dimensions of 
the Mountains — Bright Rays ; Centres from which they emanate; Mr. Nasmyth's 
Explanation of them—MRilles or Furrows— Sugges.ed Explanations; Recent 
Labours of Schmidt. 


THe world which we are about to explore,—somewhat in detail, thanks 
to its small distance and to the great power of our modern optical instru- 
ments,—though like the Earth in some general charactera, totally differs 
from it in others. If an inhabitant of the Earth were transported to the 


* The sphere in fig. 59 occupies five positions in inverse order to those of the 
Moon in fig. 60. But this does not affect the demonstration. 
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surface of the Moon, he would be at once struck with the strangeness of 
the scene. The configuration of the surface, every corner broken up and 
rugged, here circular cavities, there elevated peaks; the aspect of the 
heavens ; the bright stars shining in the broad day; the sharpness of the 
lights and shades; the eternal silence which reigns in these desolate regions ; 
the extreme temperatures, now glacial, now torrid ; the singular life-con- 
ditions of organized beings—if it be that life is possible there; all would 
unite to upset the most familiar notions. 

Nevertheless, whatever may be the contrasts between the lunar world 
and our own globe, it will be sen that the variety which is manifested 
with a marvellous richness, here, as in all the works of Nature, is the effect 
of but a small number of causes, or rather the result of simple modifications 
of elements which are really the same for all celestial bodies. ‘The simpli- 
city of the laws which govern astronomical phenomena causes the unity of 
plan of the whole solar system to shine forth with incomparable clearness. 

The full moon in a very pure sky allows the naked eye to distinguish 
the principal dark and bright features—features, the permanence of which, 
as we have before remarked, shows that the same face—the same hemi- 
sphere, is always turned towards us. From east to west, going northward, 
several large greyish spaces are distinguished, the uniform aspect of which 
contrasts with the southern half of the disk, which is almost entirely covered 
with a multitude of bright points. The north-cast and north-west borders 
of the disk are terminated by whitish and bright marks, whilst the central 
regions participate in the general tone of the southern part. 

Of old the name of ‘seas’ was given to the large dark spots which 
mottle the Moon’s northern hemisphere and part of the southern one, to- 
wards the west and cast. The name is still retained, although its literal 
meaning must not be attached to it. The lunar seas are now regarded as 
plains, whilst the most brilliant portions are principally mountainous 
regions. We will now briefly describe both, asking the reader to follow 
the description on Plate VIT., which represents the full Moon as seen with 
the aid of a telescope of small magnifying power. 

[As the image of a celestial object seen in a telescope is inverted, the 
top of the plate represents the South Pole, and the bottom the North Pole, 
the right hand is east and the left hand west. ]* 

To begin with the Seas, or Maria. 

Close to the western border or limb is seen a greyish spot, of an oval 
form, plainly visible by contrast and isolated in the brighter portions: this 
is the Mare Crisium—the Sea of Crisis. Between this spot and the centre 
of the disk, a large dark space divided by a kind of sharp promontory has 


* [A slight change has been made here in the translation, at the suggestion of 
the Rev. T. W. Webb, to accommodate the expressions ‘ east’ and ‘ west’ to the 
general usage of selenographers, according to which the terms employed in describing 
the relative position of objects upon the disk, imply a reversion of E. and W., come 
pared with their situation on terrestrial maps, but not an inversion of N. and S.] 


PLATE VII. 


THE FULL MOON 
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been named the Sea of Tranquillity —Mare Tranquillitatis. It throws 
out towards the south two portions, the largest and most western of which 
is the Sea of Fecundity—Mare Fecunditatis ; whilst the other, smaller and 
nearer the centre, is the Sea of Nectar—Mare Nectaris. 

If now, leaving the Sea of Tranquillity, we travel northward, we find 
the Sea of Serenity—Mare Serenitatis, which is traversed throughout its 
length by a very bright and nearly rectilinear ray, which gives to the 
whole spot the form of the Greek capital phi, @. The Sea of Vapours— 
Mare Vaporum, is a prolongation towards the centre of the disk of the 
Sea of Serenity. 

Lastly, the Sea of Rains—A/are Imbrium, of round form, the largest 
of all those which have been named, forms the northern termination of the 
series of greyish spots to which the incorrect appellation of seas is still 
applied. 

We must now re-descend towards the east to find the Ocean of Tem- 
pests— Oceanus Procellarum, of which the outlines, not very well defined, 
are lost towards the south in the Sea of Moistures— Mare Humorum, and 
the Sea of Clouds—AMare Nubcum, at a short distance from a luminous 
point, whence diverge in all directions whitish rays of great length. 

This last point, which may be considered as the centre of the moun- 
tainous regions which surround the southern pole, is no other than Tycho, 
one of the most important elevations of the visible hemisphere of the Moon. 

If now, in order to observe the details of the lunar disk, we employ a 
telescope of considerable magnifying power, we shall be astonished at the 
prodigious multitude of small spots of annular form, round or oval, which 
cover the entire surface. At the time of full Moon, these features are not 
well defined, which arises from the position of the visible hemisphere with 
regard to the Sun. 

If, on the contrary, we choose for the time of observation the epoch of the 
first or last quarter, the portions near the edge of the illuminated portion of 
the Moon will appear eaten into cavities, surrounded by circular ramparts, 
throwing their shadows away from the Sun, here towards the interior, 
there towards the exterior, of the cavity. More than this, along the whole 
line of separation of the light and shadow, called the 7erminator, the 
interior of the annular cavities seems quite black, whilst here and there 
luminous points show themselves detached from the illuminated portions 
of the Moon. These spots indicate mountain-tops or ranges, which accor- 
dingly, as we observe at the first or last quarter, receive the rays of the 
Moon's morning sun, or the sunset rays which linger after the lowlands 
are in shade. 

Such are the Mountains of the Moon. Figs. 61 and 62 give an idea 
of the appearance of the mountainous regions with which our satellite is 
overspread. 

The chains of mountains, as distinguished from the annular mountain- 
ramparts, are not relatively numerous in the visible hemisphere of the Moon. 
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The greatest number is found in the northern part of the disk. The Alps. 
the Caucasian range, and the Apennines, are the most remarkable. This 
last chain separates the Seas of Serenity and of Vapours from the Sea of 
Rains, which is surrounded as with a belt of semicircular form by the 
three ranges we have named. It is well seen in the drawing of the full 
Moon which we have before given. We may also notice the Carpathian 
and the Oural mountains, which separate the Ocean of Tempests from the 
Sea of Rains, and the Sea of Clouds; the Taurus mountains, west of the 
Sea of Serenity ; the mountains Dorfel and Leibnitz, at the southern pole ; 
the Pyrenees, which separate the Seas of Fecundity and of Nectar; to- 
wards the west, the Altai mountains, near this last sea, which extends 276 
miles from north to south. [The Altai mountains approach closely to the 
arc of an ellipse, the major axis of 
which is terminated on the south by 
the crater Piccolomini, and on the 
north by the twin craters Isidorus 
and Capella, which are in a very 
disturbed region. The monster cra- 
ters, Catherina, Cyrillus, and Theo- 
philus, are just within the north-east 
portion. There are two concentric 
crater ranges separated by plains 
between the Altai mountains and 
the Mare Nectaris.| Lastly, we 
have the Cordilleras and the moun- 
tains D’Alembert, near the western 
limb. The range of the Apennines, 
the most considerable * of these 
mountain-chains, is, however, but 
370 miles in length. 

It is impossible not to recognise 
the eminently volcanic character of 
the lunar mountains. All the crust 
of our satellite is pierced by craters 
which indicate an innumerable series 
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Fig. 1. Clavius. 8. Orontius. of volcanic eruptions, some limited to 
2. Maginus. 9. Sasserides. oe 
8. Longomontanus. 10. Lexell. a small space, others embracing an 
4. Pictet 11. Gauricus. immense area on th f Ww 
b. Saussure. 12. Wurzelbauer. i rea 0 e suriace. € 
6. Tycho. 18. Heli. ive j i < 
eee ba a give in the margin a rough sketch 


of Tycho, and the region lying to 

the west and south, deduced from the large photograph (38 inches in 
diameter) of Warren De La Rue. We also give (fig. 61) an additional 
* (Or rather ‘the most familiarly known.’ It is surpassed in height, and pos- 


sibly in extent, by the ranges (if they are not annular ramparts in protile) of the S. 
and E, limbs.—T. W. W.] 
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Fig. 61.—Mountains of the Moon. Vicw of the region to the south-east of Tycho. (Nasmyth.) 
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Copernicus, one of the largest annular mountains of the Moon, near the 
Carpathians, is represented in detail in fig. 62, as observed by Mr. 
Nasmyth. We are indebted to the kindness of the late Admiral Smyth 
for permission to present it to our readers, it forms one of the illustra- 
tions of his magnificent work, the ‘ Speculum Hartwellianum.’ 

The regions near Tycho are formed, as may be seen, of a number of 
craters of various dimensions, some of which are hollowed out in the form 





Fig. 62.—The Mountains of the Moon. View of Copernicus. (Nasmyth.) 


of cups or funnels, whilst the largest present the appearance of circles with 
flat bottoms, at the centre of which rise peaks of pyramidal form. One 
crater is situated at the centre of a circle which it surpasses in altitude; 
whilst at the bottom of a crater with very elevated ramparts, and here and 
there in the winding valleys which the circular walls leave between them, 
other small volcanic vents scarcely rise above the neighbouring surface. 
The irregular edges of all these openings bear testimony to the convulsions, 
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rents, and dislocations, which the surface of our satellite underwent at the 
period when these eruptions took place. 

The crater-wall of Copernicus shows numerous traces of débris 
ejected from the crater. Many other lunar mountains present, like 
Copernicus, evident traces of stratification [or terraces, if the common 
geological meaning of ‘ stratification’ should be thought to imply aqueous 
action ], doubtless owing to the deposits of successive eruptions. 

If the volcanic mountains of the Moon present great analogies to the 
volcanoes of our Earth, they are also distinguished by very marked 
characters. If the preceding drawings be compared with the topographic 





Fig. 68.—The Peak of Teneriffe and its Environs. (Piazzi Smyth.) 


view (fig. 63) of the Peak of Teneriffe and its environs, the differences, as 
well as the analogies, will be seen. Whilst the craters on the Moon have 
enormous dimensions,—the diameter of Ptolemy being 1144 miles, of 
Copernicus 56, and of Tycho 54,— the dimensions of the terrestrial volca- 
noes are relatively extremely small. The relief of the Isle of Bourbon (fig. 
G4), which we reproduce as constructed by a French engineer, M. L. 
Maillard, shows large depressions of nearly circular form, at the points 
where cones of eruption originally existed.. It is, perhaps, to sinkings of 
this nature that the circles of the Moon are due.* But it must be 


* [The elevation, however, of the surrounding ramparts seems to render this 
improbable, as they would on such a supposition indicate the former existence of 
cones of most disproportionate dimensions. The exterior of the lunar craters seldom 
exhibits any approach to a vertical position.—T. W. W.] 
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remarked that the exterior profile of these volcanic cavities has not that 
sharp vertical direction which on our satellite distinguishes the walled 
craters, the elevation of the sides of which is less on the exterior than in the 
interior, as demonstrated by the differences in the lengths of the shadows 
cast. The bottom of a lunar crater is generally of lower level than that of 
the plain which surrounds it; the contrary always holds in terrestrial 
volcanoes. It is true that this observation applies to the walled craters of 
great extent, rather than to the craters properly so called. 

If, as is believed, the generally rounded form of the lunar features, 
including even the chains of mountains, proceeds from the action of the 
interior strata against the solidified crust of the spheroid—if the walled 





Fig. 64.—Topographical relief of the Isle of Bourbon. (Maillard.) 


craters are but craters of npheaval, would it not be allowable to attribute 
the interior depression of the bottom of the circular cavities to a kind of 
sinking of the half-liquid matter ?* 


* [Mr. Mallet, in his fourth report on Earthquake Phenomena (Reports of the 
British Association for the Advancement of Science, 1858, p. 61), shows that the Earth’s 
surface is to a great.extent divided into saucer-shaped shallow depressions, bounded 
by flowing coast-lines, generally uniting in closed curves; and on p. 64 he says : 
* Enough, however, has probably been stated, to indicate that, viewed on the broadest 
scale, the surface of our globe consists, as respects its solid surface, of a number of 
saucer-like depressions, when large having also convez central areas, all having plain 
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One word now on the heights of the lunar mountains. | 

The highest of all are in the vicinity of the southern pole; there 
Durfel is found, the summit of which attains 8897 yards in altitude; the 
mountains Casatus and Curtius are 7078 and 7409 yards high, and the 
annular crater Newton is 7951 yards deep. ‘The excavation of this last 
is such,’ say Beer and Midler, ‘that neither Earth nor Sun is ever visible 
from a great part of its bottom.’ 

In the northern regions, considerable heights are also found : Calippus 
and Caucasus, Huygens in the Apennines, respectively attain 6193 and 
6020 vards in height. The central peaks and cones are nearly always 
much surpassed in height by the annular mountains. The central cone 
of Tycho measures 5000 feet, and that of Eratosthenes, at the extremity 
of the chain of the Apennines, rises to a height of 5250 yards above the 
floor of the crater. 

To sum up; ofthe 1095 heights measured by Beer and Midler, 39 are 
higher than the summit of Mont Blanc, and 6 are more than 6500 yards high. 

Thus the vertical heights of the lunar mountains are not less astonish- 
ing than their lateral dimensions. We have already mentioned the 
immense walled plains of Ptolemy, Copernicus, and Tycho; but among 
the craters, properly so called, it is not rare to find some which have 
diameters of 100 to 120 miles. The crater of Schickard is one of the most 
considerable on the visible hemisphere of the Moon; its diameter is not 
less than 133 miles; and the height of one of the mountains which lies 
near it is 3500 yards. It is a noteworthy circumstance that an observer 
placed at the centre of the immense walled plain Schickard, would not be 
able to see the summit even of the lofty irregular wall which surrounds it 
on every side. The distance would be so great, that the borders of 
the crater would lie below the visible horizon. How different to the 
craters of our own volcanoes, which, as remarked by Humboldt, would at 
the distance of the Moon, be scarcely visible with the telescope. 

To complete this description of the Moon, which is at once geo- 
logical, geographical, and topographical, we must mention two singular 
phenomena which have much puzzled astronomers. We refer to the 
luminous bands and rilles. 

In Plate VII there are seen to start from two principal points, Tycho 
and Copernicus, two series of luminous rays, which, traversing the moun- 
tains, and the neighbouring features, extend to a great distance from those 


outlines approximating to extremely irregular ovuls, or other closed curves, and 
bounded by mountain chains, or more rounded or flat-topped ridges, or elevations of 
the solid sphere, greater or less;’ and also on p. 61 he says, ‘ Each great oceanic 
saucer, bounded by the existing continents and their fragmentary outliers, presents 
an almost continuous fringe around, of mountain chains and volcanic foci.’ It is not 
a little remarkable, that the lunar volcanic vents are arranged similarly to those of 
the terrestrial, either breaking out on, or even piercing through, the walls of the 
smaller craters, or arranged in lines across the larger lunar depressions, not unlike 
the sub-oceanic linear volcanic ranges of which Mr, Mallet speaks.—W. R. B.] 
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- brilliant centres. More than a hundred luminous bands thus diverge from 
Tycho. Aristarchue, Kepler, and the Carpathians, [and many other 
centres | present analogous systems, which appear to converge, intermingle, 
and connect themselves together. These singular appearances, of which 
no entirely satisfactory explanation has yet been given, are only visible 
about the time of the full moon. They disappear at the other phases ; and 
this seems to show that they are not due to elevations, as then they 
would cast shadows, and would be, on that account, clearly visible. Do 
they owe their origin to the eruptions of the volcanoes which occupy their 
centre? If this be so, would they not seem to be crevices filled subse- 
quently with reflecting and crystalline substances, thus forming on the 
surface of the Moon so many sligthly luminous threads ? 

(Mr. Birt has informed us, that some of these rays are visible under all 
illuminations; one which, emanating from Tycho, crosses a crater on the 
north-east of Fracastorius, is not only distinctly visible when the termina- 
tor grazes the west edge of Fracastorius, but is even brighter as the termi- 
nator approaches it. Those emanating from Tycho are evidently different 
in their character from those emanating from Copernicus, while those from 
Proclus form a third class. ‘The rays from Copernicus and Kepler appear 
to be very similar. One very bright ray, in the neighbourhood of Geminus, 
we have found to coincide in direction with a ridge of high land. 

Mr. Nasmyth has been able to produce somewhat similar appearances 
on a glass globe by filling it with cold water, closing it up and plunging 
it into warm water. This causes the enclosed cold water to expand very 
slowly, and the globe eventually bursts, its weakest point giving way and 
forming a centre of radiating cracks similar to the fissures—if they be 
fissures—in the Moon. | 

According to the views of an eminent observer, M. Charconac, the 
ring-formed mountains, or craters, which form points of divergence for 
these radiations, are of relatively recent crigin. At the time of the 
eruption which produced these craters, the gaseous masses escaping by the 
new volcanic vents, or becoming precipitated, swept before them the pul- 
verulent and whitish substances which covered the summits of the 
neighbouring craters of anterior origin, or in case of concentric divergence, 
the summit of the craters existing on the same spot; hence the long white 
bands which radiate from Tycho in the direction of meridians having 
this volcano for a common pole. This explanation of the singular 
luminous bands which radiate from Tycho, Proclus, Aristarchus, Coperni- 
cus, and Euler, may, perhaps, throw some light on the physical constitution 
of our satellite.* 

The rilles differ from the luminous bands in that they are evidently 
formed of two parallel slopes, more or less steep, leaving a sort of sunken 


_* [The enormous length and smoothness of these rays, together with their perfect 
uniformity of level, seem, however, to militate sgainst any explanation which has yet 
been attempted.—T. W. W.] 
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LUNAR TOPOGRAPHY. 
1. Walled Plains, Craters, and Rilles. Rilles of Abulfeda. 2. Rilles of the central regions near 
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way between them. They appear bright in the full moon, and in the 
other phases as dark lines, one of the two ridges projecting its shadow on 
the bottom of the trench. 

It was at first believed that these were ancient river-beds ; but their 
form, often wider at the centre than at the extremities, their immense 
breadth, which sometimes reaches 14 miles, and still more their depth, 
which varies between 450 and 700 yards, render this hypothesis untenable. 
Besides which, their length is relatively slight, being usually comprised 
between 10 and 125 miles. Lastly, one circumstance which is frequently 
observed, and which will show that it is not possible to consider them 
ancient river-beds, is, that many of them traverse mountains, and cut 
through the sides of high craters in such a way as to present the greatest 
diversity of level. Some of them are widened in parts, and form oval 
valleys; others again present a series of small craters, joined together.* 
We here reproduce (Plate VIII) from the beautiful map of Beer and 
Midler two regions of the central mountainous parts of the Moon, which 
contain some of the most curious of these appearances. 

Beer and Madler, in their remarkable work ‘ Der Mond,’ have added 
70 to the list, and point out, as an important fact, the constancy of 
direction of the majority of them.t All these facts tend to show that 
these singular markings date from the last period of geologic change on 
the lunar surface, and are, therefore, posterior to the craters and ring- 
formations, as is proved by the raénure of Hyginus, which penetrates to 
the interior of this crater, breaking through its boundary wall. 


* [They are not unfrequently met with in the interior of great walled plains, a 
fact, perhaps, of some selenological import.—T. W. W.] 

+ Schréter, Pastorf, Gruithuisen, and Lohrmann, preceded the two German 
astronomers in these interesting discoveries. 

[Dr. Schmidt of Athens has been most indefatigable in this department of lunar 
astronomy; he has discovered no less than 278 of these curious formations, making 
with previous discoveries 425, which he has arranged in classes; the order of dis- 
covery is as follows :— 

From 1787 to 1801 Schréter discovered ; 11 
» 1823 ,, 1827 Lohrmann 


18233 | 1841 Midler . : 5D 
1847 ,, 1848 Kenan . ( 
1842 ,, 1865 Schmidt . 278 

425 


Mr. Birt has recorded an observation in which a rille appears to have been 
diverted from its course by tico craters, and the same rille, in a further part of its 
course, is completely interrupted by another crater, as if the craters were of more 
recent origin. | 

{In connexion with rilles, Mr. Mallet has in his report on Earthquake Phe- 
nomena, p. 62, this remarkable passage: ‘A vast fissure (noticed by Humboldt), 
and marked by an almost continuous line of volcanic rents, extends in a direction 
nearly east and west, right across Mexico, between 18° and 19° lat. It is nearly 500 
miles in length. Its main direction if produced, bears upon the volcanic island of. 
Revillegigedo, and, as Humboldt also thinks, probably extends to Monna Roa in the 
Sandwich Islands. The Mexican extremity of this enormous crevasse probably 
marks the continental end of one of the great dividing ridges of the sub-basins of the 
Pacific. It would be desirable to know the breadth of this crevasse.—W, R. B.] 
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IX. 
THE MOON, 
PHYSICAL CONSTITUTION (continued). 


Absence of Air and Water on the Moon's Surface — Has the Moon an Atmosphere? 
— Aspect ofa Lunar Landscape—The Moon’s Past History ; Professor Frank. 
land’s Hypothesis based on Traces of Glacier-action— The Moon's Climate— 
Days, Nights, and Seasons— Extent of the Visible and Invisible Portions of the 
Lunar Globe— Astronomy from a Lunarian’s point of view—Lunar Photography ; 
the British Association ‘ Moon Committee.’ 


We have already supposed an inhabitant of the Earth landing on the 
desolate lunar world bristling with mountains and covered with thousands 
of volcanic vents. We have described him contemplating with wonder 
this strange globe. But we ought to mention one fact, which would 
render his sojourn much more than painful—impossible ; namely, that he 
would not find on the surface of the Moon the most indispensable elements 
to his existence,—air and water. 

The Moon, indeed, it would appear, is entirely devoid of atmosphere. 

This fact seems demonstrated by the occultation of stars. When, by 
reason of the Moon’s movement across the constellations, one of the 
luminous points of the starry vault is covered by the dark part of the 
lunar disk, it is extinguished suddenly, without any gradual diminution 
of its light indicating the presence of a gaseous envelope. ‘This fact holds 
good with the smallest as with the largest stars, even during the eclipses 
of the Moon, when its terrestrial atmosphere is longer illuminated by 
our satellite. 

If, moreover, an atmosphere, however slight its density, enveloped the 
Junar spheroid, such atmosphere would refract ; that is to say, a star, after 
its real immersion behind the disk, would still remain visible for an instant. 
In the same way, it would again become visible on its emersion a little 
before its actual occultation had terminated, so that the duration of the 
‘oceuitation would be, for two reasons, Jess than the time assigned by 
éalculation, and deduced from precise and mathematical knowledge of the 
movement of the Moon. Now nothing like this has been observed. 
Hence, it results that, if the atmosphere of the Moon really exists, its 
density is less than the 2000th part of the density of the Earth’s atmo- 
sphere. Such an atmosphere would be more rare than the vacuum which 
is obtained, under the best conditions, in the most perfect air-pumps. 

The only objections that can be made to the consequences drawn from 
the preceding fact, are, as Arago remarked, that the apparent diameter 
of the Moon is not perhaps known with sufficient precision ; and again, 
the singular phenomenon observed in the total eclipse of the Sun in 1860, 
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and puinted out by M. Laussedat, that the horns of the solar crescent were 
truncated and rounded, near the Moon's limb. 

There is also another point. It is known that the exterior edge of the 
lunar disk forms a line unbroken in appearance, whilst near the centre, the 
terminal ellipse, or terminator, marking the separation of the hght and 
shade, is deeply indented and irregular. The cause of this difference is 
easily understood ; the summits of the craters and peaks, situated at the 
edge of the disk, form a series of undulations which are averaged and 
levelled by the effect of perspective, and prevent therefore a regular and 
uniform outline: at the centre of the disk, on the contrary, the irregu- 
larities are ‘presented to us in face, as in a bird’s-eye view, so to speak, so 
that the summits illuminated by the light of the Sun stand out from the 
dark lower levels of the plains. But after all the uniformity of the limb is 
not so decided that it can be argued that in an occultation of a star the 
difference between the observed and the calculated times is, or is not, due 
to the existence of an atmosphere. 

[Now, with regard to the recent discovery to which we have before 
referred ; of the 2/0, by which we now know that the Moon’s apparent 
diameter must be reduced, certainly a part, probably the whole, is due to 
the irradiation of the telescopic semidiameter. But the reader may perhaps 
attribute a part to refraction by the Moon’s atmosphere. If the whole 
were attributable to that cause, it would imply, according to the Astronomer 
Royal, a horizontal refraction of 1/0, which is only about the >;'55 part 
of the Earth’s horizontal refraction ; probably implying a tenuity of lunar 
atmosphere which would make the atmosphere undiscoverable in any 
other way. ] 

Is it possible that there may be an atmosphere confined to the bottom 
of the lowest plains and the deepest craters? Nothing renders probablo 
or contradicts this hypothesis. But at all events no cloud ever disturbs the 
purity of its sky; for clouds, even of slight dimensions‘*would be easily 
perceived from the Earth, and no convincing observations of any are 
recorded.* 

In consequence of this want of atmosphere, the lunar landscapes have 
@ very peculiar aspect—the shadows have everywhere the same blackness. 
At the most, the crudity of the Lright and luminous tints, which stant 
out on a nearly black sky, and of the nearly black shadows, is tempered 
by reflexions, which are, however, very numerous, as the levels are so 
broken. Then again, there is no aerial perspective—none of those effects 
of light, of those cloud-tints, which give our terrestrial landscapes so much 
charm and softness. There refraction does not decompose sunshine into 
glorious colouring, and a thousand varied tints; the rainbow and other pheno- 

* (After all fair deductions on the score of imperfection of observation or pre- 
cipitancy of inference, there are still residuary phenomena,—such as, for instance, 
the extraordinary profusion of brilliant points which, on rare oceasions, diversify the 


Mare Crisium,— so difficult of interpretation, that we may judge it wisest to avoid too 
positive an opinicn.—T. W. W.] 
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mena of the same kind are unknown on the surface of the Moon. But then 
the stars and the other celestial bodies shine in full day in the starry vault. 

Plate IX may give an idea of the aspect of the landscape in the moun- 
tainous parts of the southern hemisphere. 

The absence of air on the surface of the Moon implies absence of 
water. If there existed lakes, seas, or even rivers, the liquids forming 
these reservoirs or currents would be reduced to vapour by the fact that 
they would not be maintained as such by atmospheric pressure. But the 
solar heat, acting still more energetically, would develope a gaseous 
envelope, — thick clouds of vapour. A cloud of 200 yards in diameter 
would be easily visible. Now, as we have before said, no moving object 
has ever been seen on the disk of the Moon. 

No air and no water! This implies, of necessity, absence of winds 
and currents,— absence of motion everywhere —in the sky as on the 
surface. At the most, under the influence of the alternations of heat and 
cold, the disintegration of the rocks and the destruction of equilibrium of 
the heavy bodies causing the fall of débris break the monotony of the 
stillness and eternal silence. Nor sound, as it cannot be communicated 
without an aerial medium, can only make itself known by the contact of 
solid molecules. To an inhabitant of the Earth, our light-giver by night 
would appear, according to the expression of Humboldt, but a silent and 
voiceless desert. 

It has been said before that the large dark spots, which the first 
observers took for seas, are now known to be vast plains, lower in level 
than the valleys of the mountainous regions. One thing which, doubtlesa, 
in the first instance, increased the illusion, was, that many of these spots 
appear of a light greyish green colour: others are greenish grey, reddish, 
or, again, of a deep grey, like steel. The absence of seas, waters, and— 
as a natural consequence —of rains, is so much the more probable, as it 
well explains the present appearance of the surface of the Moon, or, in 
other words, the geology of its superficial strata.* ‘The Moon,’ says 

‘Humboldt, ‘ is nearly such as the Earth must have been in its primitive 
state, before being everywhere covered, owing to the continuous action of 
tides and currents, with sedimentary beds rich in shells, gravels, and allu- 
vium.’ It is necessary, however, to distinguish between the mountainous 
regions and the regions of the plains. ‘These latter offer a much more 
uniform surface, and it appears probable that it is owing to sedimentary 
beds which are there deposited. 

[Instead of seas they are most probably old sea-bottoms. 

Such, then, are the results of the telescopic observations of the side of 
our satellite turned towards us. Do we know anything about the like 


_ * (The long continuance of eruptive action, so distinctly marked by the succes- 
sive encroachment of more recent craters upon the boundaries of older ones, and 
the decrease of its energy, equally traceable in the diminished magnitude of the re- 
sults, are too evident to admit ofa question. But many other features are of amore 
equivocal character.—T. W. W.] 
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conditions of the side turned away from us? or, again, can we dive into 
the past history of the Moon ? 

The illustrious Hansen has held that it is quite possible that the Inna- 
rians on the side away from us may possess both water and an atmosphere, 
and that the side turned towards us may be regarded as one vast moun- 
tain. Adams and Le Verrier, however, have shown that such a hypothesis 
is not very securely based. 

Professor Frankland has perhaps provided us with some data towards 
answering the second question. A study of the glacial epoch on our own 
globe, he asserts, renders it probable that the other bodies belonging to 
our solar system have either already passed through a similar epoch or 
are destined still to encounter it. With the exception of the polar ice of 
Mars we have hitherto obtained no certain glimpse into the thermal and 
meteorological condition of the planets ; and, indeed, the Moon is the only 
body whose distance is not too great to prevent the visibility of com- 
paratively minute details upon her surface. Professor Frankland believes, 
and his belief rests on a special study of the Junar surface, that our satellite 
has, like its primary, also passed through a glacial epoch, and that several, 
at least, of the calleys, rilles, and streaks of the lunar surface, are not 
improbably due to former glacial action. Notwithstanding the excellent 
definition of modern telescopes, it conld not be expected that other than 
the most gigantic of the characteristic details of an ancient glacier bed 
would be rendered yisible. What then may we expect to see? Under 
favourable circumstances the terminal moraine of a glacier attains enormous 
dimensions; and, consequently, of all the marks of a glacial valley this 
would be the one most likely to be first perceived. Two such terminal 
moraines, one of them a double one, have appeared to them to be traceable 
upon the Moon’s surface. The first is situated near the termination of 
that remarkable streak which commences near the base of Tycho, and, 
passing under the south-eastern wall of Bullialdus, into the ring of which 
it appears to cut, is gradually lost after passing Lubiniezky. Exactly 
opposite this last, and extending nearly across the streak in question, are 
two ridges forming the ares of circles, whose centres are not coincident, 
and whose external curvature is towards the north. Beyond the second 
ridge a talus slopes gradually down northwards to the general level of the 
lunar surface, the whole presenting an appearance reminding the observer 
of the concentric moraines of the Rhone glacier. These ridges are visible 
for the whole period during which that portion of the Moon’s surface is 
illuminated ; but it is only about the third day after the first quarter, and 
at the corresponding phase of the waning moon, when the Sun’s rays, 
falling nearly horizontally, throw the details of this part of the surface 
into strong relief, and these appearances suggest this explanation of them. 
The other ridge, answering to a terminal moraine, occurs at the northern ex- 
tremity of that magnificent valley which runs past the eastern edge of Rheita. 

With regard to the probability of former glacial, or even aqueous, 
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agency on the surface of the Moon, difficulties of an apparently very 
formidable character present themselves.* There is not only now no 
evidence whatever of the presence of water, in any one of its three 
forms, on the lunar surface, but, on the contrary, all selenographic 
observations tend to prove its absence. Nevertheless, the idea of former 
aqueous agency in the Moon has received almost universal acceptation. 
It was entertained by Gruithuisen and others. But, if water at one time 
existed on the surface of the Moon, whither has it disappeared? If we 
assume, in accordance with the nebular hypothesis, that the portions of matter 
composing respectively the Earth and the Moon once possessed an equally 
elevated temperature, it almost necessarily follows that the Moon, owing 
to the comparative smallness of the mass, would cool much more rapidly 
than the Earth; for whilst the volume of the Moon is only about 1,th, its 
surface is nearly =1,th that of the Earth. This cooling of the mass of the 
Moon must, in accordance with all analogy, have been attended with con- 
traction, which can scarcely be conceived as recurring without the develop- 
ment of a cavernous structure in the interior. Much of this cavernous 
structure would doubtless communicate, by means of fissures, with the 
surface ; and thus there would be provided an internal receptacle for the 
ocean, from the depths of which even the burning sun of the long lunar day 
would be totally unable to dislodge more than traces of its vapour. 
Assuming the solid mass of the Moon to contract on cooling at the same 
rate as granite, its refrigeration, through only 180° Fahrenheit, would 
create cellular space equal to nearly 144 millions of cubic miles, which 
would be more than sufficient to engulf the whole of the lunar oceans, sup- 
posing them to bear the same proportion to the mass of the Moon as our 
own oceans bear to that of the Earth. 

Now, if such be the present condition of the Moon, we can scarcely 
avoid the conclusion that a liquid ocean can only exist upon the surface 
of a planet so long as the latter retains a high internal temperature. The 
Moon, then, becomes to us a prophetic picture of the ultimate fate which 
awaits our Earth, when, deprived of an external ocean, and of all but an 
annual rotation upon its axis,} it will revolve round the sun an arid and 
lifeless wilderness, one hemisphere being exposed to the perpetual glare of 
the solar rays, the other shrouded in eternal night. |t 

The climate of our satellite must be not less extraordinary than its 
geology. During about fifteen days the Sun pours its rays, without any 

* [It may be objected to thisingenious theory that the traces ofsuch an action would 
be far more numerous, there being great probability that there would be a regular 
gradation in their proportions, and en absolute certainty that they would be visible in 
inodern telescopes, even if of far less magnitude than those referred to.—T. W. W.] 

+ [Mayer has recently endeavoured to prove that the action of the tides tends to 
arrest the motion of the Earth upon its axis. And although it has been asserted 


that, since the time of Hipparchus, the length of the terrestrial day has not in- 
creased by the ,},th part of a second, yet this fact obviously leaves untouched the 


conclusion to which Mayer’s reasoning points.] 
t Professor Frankland, ‘ Proc. Royal Institution,’ vol. iv. p. 175. 
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cloudy curtain or serial current to temper them. To this temperature, 
more intense even than that of our torrid zone, succeeds an intense cold, 
which a night of fifteen days’ length renders more glacial than that of our 
polar winters. It is true that during the day the radiation of the solar 
heat into space again is not prevented. We must conclude, therefore, that 
the climates of the various regions of the Moon have a certain analogy 
with those of our Alpine regions; seeing that the depression of the 
temperature, and the reverberation of the intense light there, become in- 
supportable by the continuity of their action. 

There are, properly speaking, no seasons on the Moon. The slight 
inclination of its axis of rotation maintains the Sun at a nearly constant 
inclination in each latitude. But whilst in the equatorial regions the 
radiant body scarcely leaves the zenith; at the middle of the day, in the 
polar regions, it scarcely rises above the horizon. The polar mountains 
enjoy perpetual day.* 

One can understand, also, that the inclination of the Sun to the lunar 
surface, variable according to the latitudes, can never have on the Moon 
the same importance as on the Earth; since the rays, whether luminous 
or calorific, are transmitted directly to the surface without having to 
traverse atmospheric strata of unequal thicknesses. 

The revolution of our satellite is effected with variable velocity, whilst 
its movement of rotation is uniform. Hence results a want of correspond- 
ence between the two movements; and the HKarth is found sometimes to 
the east, sometimes to the west, of the point of space opposite to a fixed 
point of the surface of the Moon, considered as the centre of the visible 
hemisphere. We thus discover regions both at the eastern and western 
limbs, which, without this circumstance, would remain hidden to us. 

Nor is this all; the inclination of the plane of the lunar orbit, added 
to that of its equator, to the plane of the terrestrial orbit, causes the Moon 
to present to us sometimes the north, sometimes the south pole of its 
globe, and thus to uncover certain portions of its polar regions which 
otherwise we should not see. 

From these two librations, which is the name given to these move- 
ments, it follows that of 1000 parts of the surface of the Moon, 569, or 
more than half, are visible to the Earth, whilst only 431 remain constantly 
hidden from us. 

But as the dimensions of the Earth are very appreciable when com- 
pared to its distance from the Moon, it follows that an observer, as he 
moves on the terrestrial spheroid, displaces the apparent centre of the 


* ‘The Sun does not descend below the real horizon of a lunar pole, at the most, 
to an angle greater than the inclination of the equator of the Moon; that is to say, 
1° 30’; but the smallness of the globe of our satellite is such, that at an elevation of 
650 yards we see 1° 30’ below the true horizon. Now there exist at the North Pole 
mountains upwards of 4000 yards in height; consequently the summit of these 
mountains can never be hidden from the light of the Sun.—Becr and Méadler, 
* Fragments sur les Corpe Célestes,’ 
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lunar disk,—or, what comes to the same thing, perceives the different 
portions near the limbs. 

The effect of this displacement again increases the dimensions of the 
portion of the Moon which is accessible to us, in such a manner, that of 
1000 parts 424 only remain definitely and absolutely hidden, 576 are 
visible to us. 

From east to west, the part of the Moon which must for ever remain 
unknown to us embraces 278U miles; from north to south, 2815 miles: 
from the lat. of 40° north, to the same latitude south, 2690 miles. 
Whilst the same dimensions, calculated for the visible surface, are respec- 
tively 3310, 3266, and 3390 miles, according to Beer and Midler. 

A complete zone, therefore, of the half of the Moon which is turned 
away from the Earth, is accessible to the eyes of man. [So much fore- 
shortened, however, that our knowledge of great part of it must always 
remain very defective. | 

‘ Now, observations have not indicated,’ we quote these two most 
diligent explorers of the Moon, ‘any essential difference between those 
regions which form the seventh part of the Innar surface generully hidden 
from our gaze, and those with which we are acquainted; the same 
mountainous countries and the same mara are found there.’ Hence, it is 
most natural to conclude the similarity of the invisible portions of those 
which we see. 

That the part actually invisible will for ever remain unknown to the 
Earth, follows from the searching analysis of Laplace. 


To bring to an end the description of the physical particularities which 
make the Moon a body so different from the globe which we inhabit, let 
us see if the astronomical phenomena are the same for her as for the Earth. 
Without examining into the interesting— almost insoluble question, of the 
existence of living and organised beings on the surface of the satellite of 
our little Earth,* we shall suppose an observer successively placed on each 


of its hemispheres. 
The phases of the Moon indicate, that she presents all the points of 


* Others, more daring than ourselvcs, will doubtless cut the knot of this difficulty. 
They will assert, with a great chance of being believed, that an organised being can- 
not live without air and water, and that the climatic conditions of the Moon are 
evidently opposed to such organisms ; we will not contradict them. The cause of our 
reserve, however, is easy to understand. If, before having observed any of the 
innumerable organisms which people the waters on our planet, and before having 
heard of their existence, any onc had suddenly learned that it is possible to exist, 
breathe, and move in water, and if he then referred to simple experiment, which 
teaches that prolonged immersion in a liquid is fatal to all the organisms known to 
him, even to man himself; without doubt, the assertion would cause him the greatest 
surprise. Such would be our surprise were it ever demonstrated by facts beyond 
dispute, that living beings exist on the surface of the Moon. Nature is so varied in 
its modes of action, so infinite in the manifestations of its power, that nothing in 
Nature can be pronounced by man to be absolutely impossible. 
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her sphere to the Sun in an interval of 29443, days, or, as it may be put, 
in about 709 hours; each of these points, therefore, receives during 
3544 hours the solar light and heat, for this is the length of the Moon’s 
day. During 354} hours the same point is entirely deprived of light and 
heat, this is the length of its night. From this point of view there is an 
entire equality between the visible and the invisible hemispheres. 

The absence of atmosphere must give to.the lunar days a singular 
aspect. The disk of the Sun, seen sharp and distinct, is deprived of those 
rays which surround him to a great distance as seen from the Earth. It 
it be true that the Sun is surrounded by an atmosphere, this envelope 
should be clearly visible in the lunar sky, which everywhere else, as we 
have said, remains dark, and even in broad day is overspread with stars. 

But the intensity of the light of the Sun and that of his direct heat, 
are not the same at mid-day in each hemisphere of the Moon. In fact, it 
is noon for the peints of the lunar meridian which is presented to us at 
the exact moment of full moon; while for the other half of this meridian, 
our lunar antipodes, noon coincides with the instant of the new moon. 
Now, in the first position the Moon is further from the Sun than in the 
second by double its mean distance from the Earth, or by the 200th part 
of the distance of the Sun from the Earth. So the apparent diameter of 
the Sun is greater in the second case than in the first by about the two- 
hundredth part. 

During the nights of this latter hemisphere, the lunar observer will 
constantly see the Earth under the form of a luminous disk, fourteen times 
larger than the Moon in our own sky, and presenting successively a series 
of phases analogous to her own. The nights, therefore, will never be 
quite dark, as in fact is indicated by the Earth-shine. At midnight, that 
is, at the Moon’s midnight, the side of which we speak—the one turned 
towards us, then invisible because it is lost in the Sun’s rays—will have 
full Earth. The light, which she then receives from the luminous disk 
of our planet, is equal to that which would be received by ourselves, if 
fourteen full moons equal to our own were at the same time lighting up 
our evening sky. 

On the other hand, the Earth is unknown to the lunarian observer 
situated on the invisible hemisphere, and the darkness of the nights there 
can only be imagined by bearing in mind that they are tempered by no 
twilight, and that the only illumination received by that hemisphere is 
star-light. Between these two regions, which form together six-sevenths 
of the surface of the Moon, is the zone, near the limb, which comprises the 
parts in which the Earth is sometimes in view, sometimes invisible. In 
this zone the Earth rises and sets, but its disk rises only a short distance 
above the horizon. 

In the visible hemisphere, the phases of the Earth, the observation of 
the different features which appear and disappear in turn by the effect of 
rotation, serve as a Clock : it is a dial, all but fixed in the same point of the 
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sky, like an immense lamp, behind which the stars defile slowly along the 
: bet those regions of the Moon which are invisible to the Earth, as 

eoon ‘as the Sun has disappeared below their horizon they are suddenly 
plonged into the deepest night. During 360 hours, an astronomer, if he 
were transported to such a favourable sky, would be able to carry on his 
observation of planet and star unimpeded by cloud, moon, or twilight. 
Another difference which characterises the invisible hemisphere is, that 
there the Sun is never eclipsed, whilst in the hemisphere turned towards us 
solar eclipses last sometimes two hours. 

Here, then, we may bring our notice of the details of the lunar world 

and its singular constitution to a conclusion. The phenomena to which we 
have just referred—Kclipses of the Sun and Moon—which are invested 
with such absorbing interest, now demand our attention.* 
_ [ Before, however, parting company with the Moon, we would refer the 
reader who would know more about her to the Rev. T. W. Webb’s work, 
‘Celestial Objects for Common Telescopes,’ That observer has for many 
years made the Moon his special study. | 


xX. 
ECLIPSES OF THE SUN AND MOON. 


General Theory of Eclipses — Eclipse of the Sun can only take place at the time of 
New Moon—The Eclipses of the Moon happen at Opposition— Why each Luna- 
tion is not accompanied by two Eclipses. 


WHEN the movements of the Moon and the Earth bring these two bodies 
in such a position, that their centres and the centre of the Sun are all in 
the same straight line, the phenomenon which follows from this particular 
situation of the three celestial bodies is what is called an Eclipse. If it be 
the Moon which occupies the intermediate position, it turns its dark hemi- 
sphere towards the Earth; and the interposition of its black disk between 
us and the luminous body of the Sun prevents the rays of the latter reaching 
us, and an Eclipse of the Sun is produced. If it be the Earth which 
occupies the mid-interval, our globe acts as a screen; the lunar hemisphere 


* [The labours in lunar astronomy, more especially as regards the Moon’s sur- 
face, of Julius Schmidt of Athens, have been very extensive. Since the year 1842 
he has made and calculated 4000 micrometrical measures (made at the observatory 
at Olmutz, between 1853 and 1858) of the altitudes of lunar mountains. In addition 
to these he has nearly 1000 original sketches, which he is now engaged in combining 
anto a map of three feet radius. } 
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turned towards the Sun no longer receives his rays, its disk is obscured 
and we have an Eclipse of the Moon. 

But this way of considering the phenomena is only from our own point 
of view. In reality, in both these cases, there is simultaneously an eclipse 
to each of the three bodies in question. 

What happens, in fact, in the first case ? 

To an observer placed on the Sun, the Moon seems projected on the 
Earth, hiding a portion of the surface, although it is true that the two 
superposed disks, as they are both luminous, would not permit the darkened 
part of the surface of the terrestrial globe to be seen from the Sun. An 
observer situated on the dark hemisphere of the Moon wili perceive an 
eclipse of the Earth, that is to say, a successive darkness over all the 
regions of our globe in which the eclipse of the Sun is visible. Lastly, in 
the case which produces an eclipse of the Moon as seen from the Earth, 
there is also an eclipse [occultation] of the Moon to the Sun, whilst there is 
an eclipse of the Sun to the lunar hemisphere turned towards us. 

Eclipses may be regarded and explained in another way. 

The Earth and the Moon are two spherical and opaque bodies, and the 
halves of both are constantly illuminated by the rays of the Sun, whilst 
the other halves are in the shade. The illuminating body is itself a sphere 
of much greater dimensions. Not only, therefore, have the Moon and the 
Earth always one of their hemispheres dark, but each of these two bodies 
throws behind it, away from the Sun, a shadow of conical form, the length 
and diameter of which depend on the distance and diameter of the illumi- 
nating body, and the diameter of the illuminated body. 

This cone of shade encloses all those parts of space where, by reason of 
the interposition of the opaque body, no ray of light from the Sun can be 
received. Beyond the summit of this cone of pure shadow—of wmbra— 
and in its prolongation, are situate all those points of space which see a part 
of the Sun, under the form of a luminous ring, bordering the obscure disk 
of the opaque body. 

Lastly, these two regions are themselves surrounded by what is called 
a penumbra. Every part of space situated in the penumbra only receives 
light from one part of the Sun, the luminous disk of which seems partially 
invaded by the obscure disk of the opaque body. The darkness produced . 
by the penumbra is so much more intense as the point in question is nearer 
the umbra. 

The Moon and the Earth, in their movements, carry with them their 
cones of umbra and penumbra, and it is by projecting these total and 
partial shadowings one on the other that they produce the phenomena of 
eclipses. ; 

Now, if we look at fig. 65, it will be at once seen why an eclipse of the 
Sun, when it does happen, always takes place at the moment of the new 
moon, and why, on the contrary, an eclipse of the Moon is only possible at 
the period when our satellite is in opposition, that is to say, at the moment 
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of full moon. In all the other positions of our satellite, that is to say, in 
all the other phases of the lunation, the Junar cone of shade is projected 





Fig. 65.—Genera theory of Eclipses 


into space away from the Earth, and the terrestrial cone ot shade does not 
meet the Moon. 
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This is confirmed by all the observations of eclipses. It does not, 
however, follow that there is an eclipse at every full moon, or at each new 
moon, and the reason for this is not far to seek. 

There would be really two eclipses in each lunar month, one of the 
Sun, the other of the Moon, if the orbit of the Earth round the Sun and 
the orbit of the Moon round the Earth were described in the same plane. 
Then, at the epoch either of opposition or of conjunction, the centres of the 
three bodies would be necessarily in a straight line. 

But it has been seen that this is not the case. ‘The orbit of the Moon 
is inclined to the plane of the ecliptic, so that it often happens that, at the 
moment of the new moon, our satellite projects its cone of shade above or 
below the Earth. Similarly, at the period of opposition, the Moon, in 
consequence of its position out of the plane of the ecliptic, passes some- 
times above, sometimes below, the terrestrial cone of shade. Every time 
that this happens of course there is no eclipse. 

Let us see, then, what conditions are necessary for an eclipse of the 
Sun or the Moon. 

The orbit of the Moon, we repeat, is situated in a plane which makes 
with the plane of the terrestrial orbit a certain angle, nearly constant. 

It follows that half of the monthly revolution is effected above this 
latter plane, whilst the other half is accomplished below it. The Moon 
then passes through the ecliptic twice every lunation. 

The two positions which it occupies during these passages are the 
Nodes. One is called the ascending node, the other the descending node ; 
because they correspond, the first to the movement of the Moon when it 
rises from the south side to the north side of the ecliptic, the second to the 
Inverse movement. 

If the nodes remained invariable in their relative positions with regard 
to the Sun, one of two things would happen; either there would be no 
eclipses at all, or there would be two in each lunar month. But the nodes 
are displaced from one lunation to another; and it is easy to comprehend 
that an eclipse will take place every time that they coincide with the phases 
of the full and the new moon—with the syzygies, as they are called.* 
This coincidence need nct be absolute ; it suffices that the nodes be so near 


bd [The plane of the Moon’s orbit may be regarded as shifting parallel to itself 
as the Earth travels round the Sun. Thus, precisely as there are two epochs in the 
year— the equinoxes— when the Earth's equator-plane is directed towards the Sun; 
so also there are two epochs in the year when the plane ofthe Moon’s orbit is di- 
rected towards the Sun. At new moon or full, near these epochs, there will be solar 
or lunar eclipses. Hence there are two eclipse-months (so to speak) in each year. 
During each, at least one eclipse must take place (if only one the eclipse will be 
solar), and there may be as muny as three. Add to these considerations the fact that 
the plane of the Moon's orbit shifts its nodes precessionally—much as the Earth's 
equator-plane does—only in a period of about 18} years (instead of more than 25,000 
years) and the chief general relations of eclipses will be understood. The effect of 
this precessional motion is somewhat to shorten the mean interval between eclipse. 
months, which is thus reduced to about 54 months.—R. A. P.) 
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these phases, that the size of the cones of shade makes an immersion either 
of the Moon or of the Earth possible. 

Such is the first general condition of possibility of these phenomena. 
There are still others which are proper to each kind of eclipse, which we 
shall discuss in describing the two kinds of eclipses separately. 


Xl. 
ECLIPSES OF THE SUN. 


onditions of the Possibility and Visibility of Eclipses of the Sun—Total, Annular 
and Partial Eclipses—DPath of the Moon's Shadow along the Earth— Longest 
possible Duration of Solar Kclipses— The Corona, Red Prominences ; they belong 
to the Sun: their Shape and Height— Influence of the Phenomena of Eclipses 
on Living Beings. 


Souan eclipses are of three kinds. Some are total; the dark disk of the 
Moon then entirely covers the Sun. Others are partial; that is, a portion 
only, large or small, of the solar disk is eclipsed. Lastly, there are annular 
eclipses, which take place when the disk of the Moon is not large enough 
to entirely cover that of the Sun, and leaves a luminous ring visible round 
its own body. 

As the Moon is much smaller than the Sun, it will be understood that 
it is its small relative distance which causes its disk to appear of equal, 
and even greater dimensions than that of the Sun. ‘This distance varies 
by reason of the elliptical form of its orbit, and hence the dimensions of 
the lunar disk are sometimes larger, sometimes smaller than, and sometimes 
equal to, those of the Sun. 

This is the same as saying that the cone of real shadow or umbra, 
projected by the new Moon towards the Earth, reaches or does not reach 
the surface of our globe. If it reach this surface, there is a total eclipse 
to all parts of the Earth which are plunged in it; a partial eclipse to all 
the regions contained in the pennmbra. This will be understood from the 
following figure. 

If the cone of the Moon’s shadow does not reach the Earth, there will 
be an annular eclipse visible in those parts comprised in the prolongation 
of the cone; a partial eclipse to those which are only found in the penum- 
bra. This case is represented by the next figure. 

It will be seen, therefore, that the conditions of the possibility of a total 
eclipse of the Sun are the following :— 

The Moon must be in conjunction, that is, she must be new; 

She must at the same time be near a node ; 


ECLIPSES OF THE SU. lol 


Lastly, her distance from the Earth must be less than the length of 
the cone of shadow projected by her into space. 

The same conditions, except the last, are necessary for an annular 
eclipse. 


Those who are accustomed to read in scientific journals or in almanacs 
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Fig. 66.—Total Eclipse of the Sun ; Theory. 


the announcements of eclipses, which are calculated long beforehand by 
astronomers, must often have noticed these words, invisible at London (or 
some other place). An eclipse of the Sun (we shall speak further on of 





Fig. 67.—Aunular Eclipse of the Sun; Theory. 


those of the Moon) may then take place without being visible to all parts 
of the Earth. A little thought will convince us of this, and make it easy 
to account for the circumstance. 

First, it is evident that there will be no eclipse at those places where 
the Sun remains invisible during its entire duration; secondly, in many 
places which have the Sun above their horizon, if the Moon’s shadow 
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is not large enough to cover the illuminated surtace, there will be no 
eclipse. 

But the Moon has a diameter nearly four times less than that of the 
Earth. Its cone of shade therefore, at its greatest, is much too small to 
enshroud the whole Earth; and near the extremities of this cone its 
dimensions are small enough to throw on the surface of our globe but 
@ very small circle of shadow, about 50 miles in diameter. An eclipse of 





Fig. 68.—Total Eclipse of the Sun of the 18th July, 1860. Path of the shadow and penumbra 
on the surface of the Earth. 


the Sun is then only total at the same instant, in a circle of these dimen- 
sions. But the rotation of the Earth and the movement of translation of 
the Moon combined, cause the cone of shadow to travel in reality over a 


very large surface, tracing a dark curve on the surface of the continents 
and seas.* 


* The length of the cone of shade projected by the Moon into space, varies be- 
tween 57 and 50 radii of the Earth. On the other hand, we have seen that the dis- 
tance between the centres of the Earth and the Moon also varies between 57 and 64 
terrestrial radii. From the centre of the Moon to the nearest point of our globe 
there are then from 56 to 63 of these radii. 


ECLIPSES OF THE SUN. 153 


The same observations apply to the penumbra. 

Thus, according to the position of places relatively to the Sun and to 
the Moon, the first of these bodies may be eclipsed totally or partially, 
or even appear only in simple contact with the obscure disk of our 
satellite. 

The astronomical theories of the movements of the Moon and of the 
Earth are now so perfect, that astronomers can predict these phenomena 
with the most wonderful precision. Not only does the calculation indicate 
the day of the eclipse ; but the exact second, the time, the dimensions or 
phases of the phenomenon for every spot of the earth are given. Maps 
are generally added to these numerical details, and show those parts of 
the Earth where the eclipse will be visible. 

We have drawn a map of this kind, for the total eclipse which 
took place on the 18th of July, 1860, according to the indications of 
the ‘Connaissance des Temps’ and the ‘ Nautical Almanac,’ — works 
published many years in advance for the benefit of astronomers and 
navigators. 

A curve in the form of o marks the points of the globe where the 
eclipse commenced or ended at sunrise or sunset. Another line, which 
cuts the first two in parts, passes through those places which only saw 
half the eclipse, because the middle of it coincided at those places, either 
with the rising or setting of the Sun. 

One line, darker than the reat, marks the line in which the eclipse was 
total and central. Parallel to this line, other lines which are not marked 
on the diagram would indicate the regions where the partial eclipse was 
visible under smaller and smaller phases,* until the line is reached which 
limits the phenomenon, passing through all the places where the eclipse is 
reduced to the simple contact of the disks of the Sun and Moon. 

The black line of central eclipse is in reality but ‘the path of the 
shadow thrown by the Moon on the surface of the Earth, as the complete 
figure represents the path of the penumbra on the same surface. 

The duration of an eclipse of the Sun is variable. But we must 
distinguish carefully between the total duration of the phenomenon on the 
whole Earth, and on any given place. We here give, according to the 
calculations of Dionis de Séjour, cited by Arago, a table showing the 
greatest possible duration of the different phases: 

ore pombe esc 


At the latitude of Paris $3 26 $2 
€ 
Annular phase. . { Atthe Equater . . . 12 46 


A total eclipse. . We the Equator . . . 4 20 4d 


At the latitude of Paris 0 56 
ae Atthe Equator . . . 7 58 
Hota obscurity At the latitude of Paris 6 10 


* Astronomers formerly expressed the size of the phases by the number of digits, 
a digit being the twelfth part of the diameter of the solar disk. Thus, if the phase 
was §, digit, the Moon’s limb extended to the centre of the Sun. 
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The total eclipse of the Sun, of which the preceding figure gives the 
path on the surface of the terrestrial globe, commenced at 0 hour 3 
minutes p.m. Paris mean time, and ended at & hours 6 minutes r.m. after 
having lasted in the whole of its phases 5 hours 3 minutes. At Paris, 
where the eclipse was only partial, the duration of the phenomenon was 
only 2 hours 14 minutes. 

Total eclipses of the Sun are very rare, even for the Earth in general ; 
they are much more so for particular places. From the 16th until the 
beginning of the 1th century, there were altogether nine total eclipses of 
the Sun, and seven annular ones. Paris, during all the 18th century, 
only witnessed a single total eclipse, that of 1724. London also, as little 
favoured as the capital of France, has not seen one since 1715. 

Since 1801, seven total eclipses have been observed, those of 1806, 
1842, 1850, 1851, 1856, 1860, and 1861. We give here those which will 
take place before the end of the present century, with the places where 
they will be total: 


1870. 22nd December Azores, south of Spain, north of Africa, 
Sicily, and ‘Turkey. 

1887, 19th August . North-east of Germany, south of Russia, 
Central Asia. 

1896. 9th August. . Greenland, Siberia, and Lapland. 

1900. 8th May. . . Spain, Algeria, Egypt, the United States, 


None of them will be total at London. 


The eclipses of the Sun and Moon no longer are privileged to excite 
fear, at least among civilised nations. Instead of a superstitious terror, 
they inspire an interest of curiosity. Announced a long time beforehand, 
they testify to the precision of astronomical calculations; and all are 
getting accustomed by degrees to admire the fixed laws, order and har- 
mony, where formerly ignorance supposed but accidents, precursors of evil, 
and testimonies of the celestial anger. 

As to the astronomer, he finds in them matter for researches of the 
highest importance. Even the partial eclipses, the least. interesting of all, 
give him occasion to verify the exacritude of his tables, by the agreement, 
or otherwise, between the hour predicted by calculation, and the hour really 
observed, But it is the total eclipses, especially the last ones—those of 
1842, 1850, 1851, 1858, 1860, and 13861,—which have been so fertile in 
new and precious facts. 

We propose to give a briet description of these facts, besides placing 
under the eyes of the reader, in Plate X. drawings which represents some 
of the various phenomena observed. 

Let us follow the phenomenon in its progressive march. 

It is always the western border of the Sun which first receives the 
impression of the contact of the Moon; and consequently it is the eastern 
border of the lunar disk which, by degrees, encroaches on the radiant body, 
until it covers it entirely. The eclipse is necessarily partial, therefore, 
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before the moment when the last luminous thread disappears. The total 
obscuration,—the totality, as astronomers cail it,—then commences. <At 
the end of some minutes a fine luminous thread appears at the western 
edge, and the partial eclipse passes, in inverse order, through the same 
phases as in the first part of the phenomenon. There are then, in all, 
four contacts of the two disks—two exterior contacts and two interior 
ones. 

Attempts have been made to prove by the form of the horns of the 
luminous crescent the existence of a lunar atmosphere. Most observers 
have seen nothing. Nevertheless, the eclipse of the 18th of July, 1860, 
furnished a curious fact on this point: one of the horns of the solar cres- 
cent appeared rounded and truncated. 
At the other extremity a contraction 
was remarked, which was followed by 
the separation of a luminous point, and 
of a truncation identical with the first. 
To M. Laussedat we owe the com- 
munication of the photographic neg- 
ative obtained by him: the drawing 
(fig. G9) is an exact reproduction. 

[The phenomenon observed would 
appear to be somewhat similar to 
the peculiar notched appearance some- 
times presented, called ‘ Baily’s Beads.’ 


These, however, are considered by Fig. 69.—Total Fclipac of the Sun of the 
Mr. De La Rue fo arise from atmo- — farm’ol the lias of the Solar Crescent. 
spheric disturbance. This and the — (Laussedat.) 

irregularity of the Moon’s limb are, doubtless, sufficient to account for the 
singular appearance. ] 

Some minutes before and after, but especially Perr the totality, a 
Inminous appearance in the form of a halo surrounds the Sun, and throws 
in every direction rays of light, separated by dark spaces. In many total 
eclipses, independently of the regular corona, other light portions, the rays 
of which have directions more or less eccentric, have been remarked 
irregularly situated on its contour. Plate X. shows in detail the coronas 
of several total eclipses. The colour of the corona, which immediately 
surrounds the dark disk is sometimes of a pearly or silvery white, some- 
times yellowish, and even red. 

The explanation generally given of this corona is, that it indicates the 
existence of a solar atmosphere, enveloping the radiant body to an 
enormous <istance.* 


We now come toa phenomenon of great interest, which was noticed 





* [This, however, has been since disproved as mentioned in the chapter on the 
Sun, by the spectroscopic observations inade hy Lockyer, Willner, and others on 
the solar prominences and chromosphere.—it. A. P.] 
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for the first time in the total eclipse of 1842, and which has since been the 
object of important and minute Observations. 

Prominences of various forms and of a reddish colour were visible 
throughout the contour of the Moon's limb, during the period of totality. 
Some took the form of mountain-peaks, others rose normally from the 
disk, and turned at right angles, others, again, appeared completely 
detached, as floating clouds may do. Their tint was sometimes of a 
bright red, sometimes rosy, here and there varied by greenish-blue. 
Arago regarded the latter colour as a simple effect of contrast. 

It has now been proved, beyond all question, that these protuberances 
belong to the Sun. If we examine with care the two drawings made by 
Mr. Warren De La Rue, on the total eclipse of the Sun of the 18th of 
July, 1860, representing these remarkable phenomera at the beginning 
and at the end of the totality, this fact will appear evident. 

We have already, however, in the chapter on the Sun, had occasion 
to discuss yet more convincing and instructive evidence on these points. 

As soon as the last luminous thread of light disappeared behind the 
eastern edge of the Moon, the rose-coloured prominences were seen on the 
contour of the limb, where the solar crescent had just disappeared. On 
the opposite side—the western one—they were not yet entirely visible ; 
their tops only extended beyond the obscure disk, at its upper and lower 
parts. The Moon, advancing, hid by degrees the prominences first 
observed, exposing to view, at the opposite side, those previously covered. 

The facts, then, occur absolutely as the hypothesis, now accepted on 
all hands, requires; namely, that the prominences do not belong to the 
lunar disk, and are not optical effects caused by its presence, but are 
absolutely part and parcel of the Sun. 

They were first supposed to be enormous mountains on the surface of 
the Sun. But the form of many of the prominences, and their occasional 
complete separation from the solar disk, soon caused this hypothesis to be 
abandoned. ll the observed facts led to the conclusion that these 
immense appendages, the dimensions of which reach 25,000 and even 
60,000 miles, in height and length,* are possibly clouds, here adherent 
to a continuous stratum, which reposes on the Sun, here floating in an 
atmosphere limited by the corona. 

The intensity of the illumination of the atmosphere naturally dimin- 
ishes gradually during the entire duration of a total eclipse, from ite 
commencement until the beginning of the totality, to again as gradually 
recover its primitive intensity. This obscurity, during the phase of 
totality, is, however, very far from being complete. Thus only the brightest 
stars, and some of those of the second magnitude, are seen. The planets 
Venus and Mercury, Jupiter, Mars, and Saturn, however, have been like- 
wise observed. 


* The highest prominence, in the form of a peak, measured by Mr. Warren De 
La Rue in 1860, was 45,000 miles in vertical height above the solar surface. 
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Terrestrial objects take by degrees a livid hue; they are coloured with 
various tints, among which olive-green predominates. Orange, yellow, 
vinous-red, and copper tints, give to the landscape a singular appearance, 
which, joined to a very perceptible lowering of temperature, contributes to 
produce a profound impression on all animated beings. 

Arago thus describes the attitude of an entire population, awe-impressed 
by the magnificent and solemn spectacle offered by the total eclipse of the 
Sth of July, 1842. 

‘At Perpignan, people dangerously ill alone remained in their rooms. 
The population from early morning covered the terraces, the ramparts of 
the town, and the hills outside, whence they hoped to see the rising of the 
Sun. At the citadel, we had under our eyes, besides the numerous groups 
of citizens on the glacis, the suldiers who were being reviewed in the vast 
court. 

‘The hour of the commencement of the eclipse approached. Nearly 
t'venty thousand people, with smoked glasses in hand, examined the 
radiant globe, projected on an aznre sky. Scarcely, armed with our 
powerful telescopes, had we begun to perceive a little encroachment on 
the western border of the Sun, when an immense shout, mixed with a 
thousand different exclamations, tuld us that we had anticipated only by a 
few seconds the observations made with the naked eye by twenty thousand 
improvised astronomers. <A lively curiosity, an emulation, a desire not to 
be beaten, seemed to have given to the unarmed sight an extraordinary 
penetration. 

‘Between this moment and that which preceded the totality, we re- 
marked nothing in the behaviour of the spectators which deserves relating. 
But, when the Sun, reduced to a narrow thread, began to throw on our 
horizon but very feeble light, a sort of inquietude seized ‘upon every one ; 
each felt the desire to communicate his impressions to those by whom he 
Was surrounded. Hence, a dull roar like that of the distant sea after a 
tempest. The uproar became stronger in proportion as the solar crescent 
became thinner. The crescent disappeared; at last, darkness suddenly 
succeeded to light, and an absolute silence marked this phase of the eclipse, 
as absolutely as the pendulum of our astronomical clock. The phenomenon, 
in ity magnificence, triumphed over the petulance of youth, the careless air 
which some men take for a sign of superiority, and over the noisy indiffer- 
ence ordinarily assumed by soldiers. A profound calm also reigned in the 
air; the birds ceased to sing. 

‘After a solemn waiting of about two minutes, transports of joy— 
frenzied plaudits greeted, with the same accord, the same spontaneity, the 
reappearance of the first solar rays. . . .’* 

Animals testify, by unmistakable signs and movements, tie effect 
which eclipse-phenomena produce upon them. Vegetation even is not 


* ‘Annua‘'r2 du Bureau des I ongitudes,’ 1846, pp. 303~5. 
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altogether unaffected. In 1842, the leaves of certain plants were shut. 
During the eclipse of July, 1860, M. Laussedat, who observed it in 
Algeria, relates this fact :—‘ The plants showed how rapid is the action 
of light, which they receive as by a kind of diffused sense in their corollas; 
for, in spite of the short duration of the totality, daturas, convolvuli, 
poppies, and night-shades,,which had been closely shut, were observed 
to half open during the total eclipse.’ 

As we have seen in Book J. the observations made during total 
eclipses of the Sun are very important and interesting from a physical and 
astronomical point of view. We shall confine ourselves here to saying one 
word more on the phenomenon of the fringes of the waves, alternately 
light and dark, which sweep over the [arth, in a direction perpendicular 
to their length, and the direction of which, when carefully measured, has 
been found to be parallel to the tangent at the first point of interior con- 
tact. These fringes are referred by M. Faye,* to an effect of oblique 
mirage, produced by a difference of density in the atmospheric strata 
which compose the cone of the umbra. 


XII. 
ECLIPSES OF THE MOON. 


Conditions of Possibility and Visibility of Eclipses of the Moon—I’artial and Total 
Eclipses—Colour of the Lunar Disk during the Phases of a Total Eclipse—Peri- 
odicity and Calculation of Eclipses—Occultations of the Fixed Stars and Planets. 


LIke the eclipses of the Sun, those of the Moon may be either partial or 
total ; but they are never annular, the Earth's cone of shade being always 
at the greatest distances of our satellite from us, much more considerable 
than the lunar disk itself. 

A fundamental distinction, however, between the two phenomena is, 
that while an eclipse of the Sun is visible in a part only of that terrestrial 
hemisphere which has that body above the horizon, an eclipse of the 
Moon is visible from every part of the Earth where she has not set. 


* This interesting phenomenon was observed with minute care by MM. Laussedat 
and Mannheim, members of the Commission sent by the Polytechnic School to Batna 
(Algeria), in July 1860. They furnish us with the first exact measures of the direc- 
tion and rapidity of these phenomena. The following year (during the eclipse of 1861) 
a French officer, M. Poulin, repeated the measures, according to the indications of 
M. Mannheim. The Monthly Notices of the Royal Astronomical Society of London, 
mentioning in 1862 this last observation, have omitted (we know not why) to refer to 
the original observation published in detail in the Comptes Rendus de l' Académie des 
Sciences de Purts, and in the Annales de Physique et de Chimie, in the year 1860. 
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This is not all: it is only sucecssively that an eclipse of the Sun is 
observed at different stations, in proportion as the umbra and penumbra 
of the Moon traverse the surface of our globe, but, on the contrary, the 
obscuration of the lunar disk begins ayd terminates everywhere, not at the 
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Fig. 70.—Path of the Moon in the Earth’s conc of shade. Total Eclipse. 


same hour, because the hour varies according to the longitude of the place 
of observation, but at the same physical instant. 

The reader has already understood the reason of this essential differ- 
ence. In the solar eclipse, the surface of the radiant body is not really 
darkened, but only hidden by the obscure disk of the Moon, so that the 
interposition is an effect of perspective, varying according to the respective 
positions of the observer, of the Moon, and of the Sun. The lunar eclipse 
is, on the contrary, produced by a real fading of the Moon's light, and 
the darkness consequent upon it is observed at the same instant every- 
where where the Moon is in view. 

The two diagrams, figs. 70, 71, show under what conditions an 
eclipse of the Moon is partial or total. When the Moon, in opposition, 
traverses the cone of shadow thrown by the Earth, at its thickest part, 
the eclipse is total and central, and its duration the-greatest possible. 
The eclipse may, however, be still total, without being central, when the 
orbit of the Moon traverses a sufficient breadth of the cone. But if the 
Moon’s node is too far from the centre of the cone, its disk, penetrating 

u 
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the umbra only in part, will only Le incompletely darkened —the eclipse 
will be partial.* 

At the commencement of a total eclipse of the Moon, there is first 
noticed a marked diminution of the brightness of the disk, this is due to 
the Moon’s entering the penumbra. Then, suddenly, a small patch of 
darkness is seen, which by degrees invades the luminous parts of the 
disk, but the outline of the portion thus eaten out is far from being as 
sharp as that observed in solar eclipses. ‘The form is circular, but the 
curvature is less decided, a fact easily imagined, and confirmed by calcu- 
lation, the diameter of the Earth’s shadow being nearly three times as 
great as that of the Moon itself 

The colour of the shadow is at first a greyish black, which permits 
us to see nothing of the part eclipsed; but, as the shadow gains on the 
lunar disk, a reddish tint makes its appearance, and the details of the 
principal spots become visible. Between the luminous crescent and the 
ruddy centre of the shadow is observed a band of greyish blue. 
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Fig. 71.—Path of the Moon in the Earth’s cone of shade. Partia) Eclipse. 


From the time of totality the red becomes more intense, and is soon 


* [There are occasions also when the Moon passes partially within the Earth’s 
penumbra, without reaching the umbra. These eclipses are not noted in the Nau- 
tical Almanac, but the theory of eclipses can hardly be regarded as complete without 
@ consideration of them. An eclipse of this sort took place in September, 1868, I 
have proposed that they should be called penumbral lunar eclipses.—R. A. P.] 

t The mean diameter of the Earth’s shadow at the distance at which eclipses 
occur, is about 82’, whilst the lunar diameter is only 31’. 
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spread over the whole of the disk. According to Beer and Midler the 
bluish tint is of a dark grey wken compared with that part of the Moon 
illuminated by the Sun; it seems blue, and clearer than the red, if com- 
pared with the latter. 

Some minutes before the reappearance of the light on the opposite 
side of the disk, the bluish tint slightly colours that side also, and the 
phases of the eclipse are reproduced in an inverse order, until the entire 
emersion of the Moon. 

The Moon, therefore, does not always completely disappear in total 
eclipses. The catse of this fact lies in the refraction of the solar rays in 
traversing the lower strata of the Earth's atmosphere; they are diverted, 
and purple our Moon with the tints of sunset. 

It sometimes happens, however, that the Moon becomes quite invisible 
during a total eclipse; as examples of this we may quote the eclipses of 
1642 and 1816. At other times, the visibility, without being absolutely 
ni/, is very indistinct; we find the explanation of these circumstances 
in the state of our atmosphere at the time on the periphery of our Earth 
which comprises the places where the Sun is rising and setting at the 
moment of the eclipse. 

Another phenomenon, which happens however very rarely, appears 
contradictory to the geometric and astronomical theory of eclipses. We 
refer to the simultaneous presence of the Sun and Moon during the 
phenomenon. The first of these bodies setting at the moment when the 
other rises, it would seem that the Moon, the Earth, and the Sun, are no 
longer in a straight line. ‘This appearance again is owing to refraction. 
The Sun, actually already below the horizon, is raised up by refraction, 
aud remains visible to us. The same thing happens to the Moon, which 
is not yet really risen, although we see it. The eclipses of 1666, 1668, 
and the 19th of July, 1750, may be quoted as having presented this 
singular circumstance. 

We must now bring our notices of eclipses to a conclusion, by saying 
a word on their periodicity. 

About every eighteen years, the Earth, Moon, and Sun, again occupy 
the same relative positions. This is a fact which the ancients proved by 
observation long before the theory of the celestial movements had demon- 
strated its near approach to the truth. If, then, we start from the epoch 
of an eclipse of the Sun or Moon, that is to say, from a lunar opposition 
or conjunction coinciding with one of the nodes of the Moon, after eighteen 
years the three bodies will again be found in a situation nearly identical. 
Hence, the eclipses which succeed one another in the first period follow 
again and in the same order during the second period. 

This is the principal point of departure in the calculation of eclipses ; 
but the approximation is too rough for modern astronomers to content 
themselves with, and nowadays eclipses are foretold for meny years in 
advance, true to a second of time. 
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The Moon, in traversing its orbit round the Earth, produees again 
another kind of eclipse, to which the name of occultation has been given. 

We say that a planet or a star is occulted when it passes behind the 
lunar disk. We have spoken of these phenomena with reference to the 
question of the existence of an atmosphere on the surface of the Moon. 

Let us add that the occultations of stars are calculated like eclipses, 
and that, as they are frequent, they have been made of use to our 
navigators. The Moon being very near the Earth, compared with the 
distance of the stars and even of the planets, it follows that two observers, 
placed in two different parts of the globe, do not see it projected at the 
game instant on the same part of the heavens. ‘The occultation of a atar, 
therefore, does not take place to them at the same instant of time. 

The starry heavens resemble, from this point of view, an universal 
dial, of which the Moon is the minute hand, marking the time at once in 
all parts of the Earth. Thanks to the tables calculated by astronomers, 
these various hours can be converted the one into the other; and the 
traveller in the desert, as well as he who traverses the ocean, is thus 
enabled to arrive at his position and to determine his route. 


XIII. 
THE METEORIC RINGS. 


Shooting or Falling Stars—‘ Star-showers '—Their Numbers—Radiant Points—Re- 
cent Discoveries respecting the Position, Form, and Inclination of the Meteoric 
Rings—Heights, Velocities, and Weights of Shooting Stars—Luminous Meteors 
(Bolides), their Telescopic Appearance— Meteorites ; Professor Maskelyne’s 
Classification; Mr. Sorby’s Microscopic Examination of them, and its Results— 
Remarkable Meteorites. 


one is familiar with shooting or falling stars. We have all seen 
their luminous trains furrowing the heavens during the night, like so 
many brilliant points suddenly detached from the celestial vault. Are 
these appearances, now rare and isolated, now numerous and periodical, 
due to meteors of atmospheric origin, or must they be considered as 
manifesting the existence of bodies situated in the extra-terrestrial regions ” 
The place which our description of these phenomena of a solar system 
occupies shows pretty clearly that it is to this last conclusion that science 
has definitely come. 

The number of shooting stars is very variable according to the time of 
the year; hence the distinction between sporadic meteors and the showers 
of shooting stars which appear in the nocturnal sky in large numbers, and 
generally periodically. During ordinary nights, the mean number of 
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shooting stars observed in an interval of an hour is from four to five, 
according to some observers ; it is as high as eight according to others.* 

But at two periods of the year, about the 10th of August and the 
11th of November, these phenomena are much more numerous, and the 
number of shooting stars observed in one hour is often more than tenfold 
that seen on ordinary nights. Let us quote, for the month of August, the 
observations of Capocci and Nobile, who, in four hours, counted at Naples 
1000 shooting stars (10th of August, 1830), and those of M. Walferdin, 
who in an hour observed 316 (at Bourbonne-le-Bains, in the night of 
the 8th—9th of August, 1836). It is to this phenomenon that popular 
tradition formerly gave the name of ‘St. Lawrence's tears.’ The luminous 
trains being nothing else, to the xaire populations of Catholic Ireland, 
than the burning tears of the martyr whose feast falls on the 10th of 
August. 

The month of November lias furnished still more extraordinary facts, 
and the appearances of the 12th of November, 1719, and of the night of 
the 12th-13th of November, 1855, are well worthy of mention. Humboldt 
and Gonpland, who were at Cumana on the first of these dates, relate that. 
between the hours of two and five in the morning, the sky was covered 
with innumerable luminous trains, which incessantly traversed the celestial 
vault from north to south, presenting the appearance of fireworks let off 
at an enormous height; large meteors, having sometimes an apparent 
diameter of one and a half times that of the Moon, blending their trains 
with the long, luminous, and phosphorescent paths of the shooting st. rs. 
In Brazil, Labrador, Greenland, Germany, and French Guyana, the s: ne 
phenomena were observed. 

The showers of the 12th-l3th of November, 1835, were not 1] ss 
extraordinary. ‘The meteors were observed,’ says Arago,t ‘along tie 
eastern coast of America, from the Gulf of Mexico as far as Halifax, from 
nine o'clock in the evening till sunrise, and even, in some places, in full 
day, at eight o'clock in the morning. ‘They were so numerous, and were 
visible in so many regions of the sky at once, that in trying to count them 
one could only hope to arrive at a very rough approximation. An 
observer (Olmsted) at Bostun compared them at the moment of maximum 
to half the number of flakes which are seen in the air during an ordinary 
fall of snow. When the brilliancy of the display was considerably reduced, 
he counted 650 in 15 minutes, though he confined his observations to a 
zone which was not a tenth of the visible horizon. According to him, this 
number was but two-thirds of the total; thus he estimates the number at 
866, and in all the visible hemisphere, 8660. This last value would give 
during each hour 34,640 shooting stars. Now, the phenomenon lasted 


* This hourly mean is from five to six, according to Olbers; from four to five, 
according to Dr. J. Schmidt; five to seven is given by M. Coulvier-Gravier, and 
Saigey; and, lastly, eight by M. Quételet. 

t+ ‘Astronomie Populaire,’ vol. iv. p. 310. 


166 THE SOLAR SYSTEM. 


more than seven hours, and therefore the number seen at Boston exceeded 
240,000 ; and yetit must not be forgotten that the bases of this calculation 
were obtained at a moment when the display was already notably on the 
decline.’ 

{Mr. Newton, an American astronomer, who has given much attention 
to this subject, finds that the average number of meteors which traverse 
the atmosphere daily, and which are large enough to be visible to the 
naked eye on a dark clear night, is no less than 7,500,000 ; and applying 
the same reasoning to telescopic meteors, their numbers will have to be 
increased to 400,000,000! If allowance be made for the space occupied 
by the Earth's atmosphere, we find that, in the mean, in each volume as 
large as the Earth, of the space which the Earth traverses in its orbit 
about the Sun, there are as many as 13,000 small bodies, each body such 
as would furnish a shooting star visible under favourable circumstances to 
the naked eye. If telescopic meteors be counted, this number should be 
increased at least forty-fold. ] 

Several less important periods have been recognised at other times of 
the year, but they have not the same regularity as those of August and 
November. 

These last-mentioned periods also present a rise and fall in the hourly 
number of shooting stars observed. From a maximum of 110 stars, in 
August, 1848, the number was reduced to 40 in 1858, and since then the 
numbers in the same month have regained their upward march. The 
No.ember shower, of old so remarkable, is now reduced to the point of 
bei! ¢ less remarkable than that observed at night towards the end of 
Oc ober. Since 1862, however, this shower is again increasing in numbers, 
[a din 1866, 1867, and 1868, it has afforded very remarkable displays. | 

Most frequently the paths described by shooting stars have the appear- 
ance of straight lines. ‘The luminous trains left in the heavens by their 
rapid movement, enable us easily to verify this fact. But there are ex- 
ceptions, and stars of this kind have leen seen to describe, before disap- 
pearing, strangely curved paths. 

Their brilliancy is also very variable : some have surpassed in apparent 
size the most brilliant fixed stars, and even Venus and Jupiter. The 
colour likewise varies. 

On observing a given number of shooting stars, it has been found that 
about two-thirds are white; while yellow, reddish yellow, and green 
characterise the remainder. 

We now come to a fact of great importance, which has thrown much 
light on the origin of these meteoric showers, and revealed their cosmical 
nature. In observing the direction of the trajectories on the celestial 
vault, it has been noticed that the greatest number of those observed at 
any one time are emitted from the same part of the heavens, called the 
radiant point, because from it they radiate in all directions. 

The star Mu in the constellation of the Lion (« Leonis) is the point of 
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the November showers, whilst Gamma in Perseus (vy Persei) is the raiiant 
point of the stars observed in the month of August. No less than 
56 radiant points have been shown to exist in different seasons of the 
year. 

We must infer from these facts, that shooting stars are luminous bodies, 
the movement of which is independent of the rotation of the Earth, and 
that they are external to our atmosphere. This conclusion is singularly 
corroborated by this other fact, that the radiant points in the Lion and 
. Perseus are precisely those towards which our globe is travelling, in its 
annual movement round the Sun, at the two epochs of November and 
August. 

Astronomers have therefore concluded, that the appearance of shooting 
stars is caused by the Earth's passage through rings composed of myriads 





: Fig. 12.—Radiant Point of Shooting Stars. R.A. 94°, N. Decl. 37°. 
Radiant Point of Meteors observed at Hawkhurst, Nov. 28. (Mr. Alexandor Herschel.) 


of these bodies circulating, like the larger planets, round the Sun, and the 
parallel movements of which seen from the Earth seem to radiate towards 
that part of the heavens approached by our Earth. The appearance re- 
quired by this theory is exactly that which is represented to us. 

At first it was a question, whether there existed one ring, the various 
regions of which, sometimes richer, sometimes poorer in cosmical matter, 
could give rise to the varying phenomena observed. Or whether we should 
ee the existence of many separate rings, successively traversed by the 

arth. 


Fig. 73 shows how (it was once supposed) the periodical appearances 
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of August and November could be explained on the hypothesis of a 
single ring. ‘The plane of the meteoric ring was supposed to coincide 
exactly, or nearly so, with that of the ecliptic, and the orbit of the meteors 
to be a more elongated curve, or one of greater excentricity, than the 
terrestrial orbit. [This view, however, is not in accordance with the 
observed positions of the ‘ radiant-points’ of these systems ; and has re- 
cently been completely disproved. ‘We must suppose two rings inclined at 
different angles to the plane of the ecliptic, and cutting this plane, one in 
August and in February, the other in May and November, to account for 
the two showers.—R. A. P.] 

[It has now been demonstrated that meteors belong to systems of bodies, 
travelling in orbits of all degrees of excentricity around the Sun; and further, 
that the Earth encounters more than a hundred such systems in the course 
of her annual revolution. 

As regards the two systems which produce the November and August 
showers, our evidence is very complete. The first circumstance which 
suggested the possibility that shooting stars may travel in very excentric 
orbits, was a somewhat singular one. Schiaparelli had noticed that the 
comet of 1862 passed very close to that part of the Earth’s orbit where she 
encounters the August meteors, and he was led to inquire whether on the 
supposition that the meteors have an orbit as excentric as that of the comet, 
the two orbits would agree in other respects. He found the agreement 
singularly close. The evidence thus adduced, though founded on an assump- 
tion, was of a very remarkable character, because there are millions of 
possible orbits fulfilling this assumption and also crossing the Earth’s 
orbit in the same place as the path of the comet of 1862, which vet would 
show no resemblance whatever to the path of that comet. Schiaparelli 
accordingly expressed the opinion that the agreement could not possibly 
result from accident,—that in other words some physical association exists 
between the August meteors and the comet of 1862 (described and pic- 
tured further on). But, although the evidence rightly understood was 
demonstrative, it is probable that very little attention would have been 
paid to it, but for an unexpected confirmation which it presently received. 

In 1866, the November meteors attracted an unusual degree of atten- 
tion on account of the wonderful display they presented on the morning of 
November 13th, in that year. Since these meteors attain their maximum 
of splendour at intervals of about 33 years, or more exactly about three times 
in each century, the idea would naturally have been suggested that they 
travel in an orbit whose period ia about 334 years, had it not been for the 
circumstance that an orbit of that period would carry them beyond the 
orbit of Uranus. Astronomers were not prepared to admit so surprising 
a result, where a simpler explanation was available. Accordingly the theory 
was suggested that the meteors travel in a period of one year, plus or minus 
a thirty-third part. This would account for the observed tri-secular recur- 
rences of maximum displays. But the place where the November meteors 
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¢eross the Earth’s orbit is slowly shifting, owing to planetary perturbations, 
and this fact enabled Professor Adams to test the various orbits assigned 
to the meteor system. He found that orbits of short period would not 
account for the observed displacement of the nodes of the meteor-system. 
He was led accordingly to try the period of 334 years. After overcoming 
the great difficulties resulting from the very excentric character of the 
corresponding orbit. he found that this widely extended path, by which 
the meteors are carried beyond the orbit of Uranus, and subjected to the 





Fig. 73.—Iilustrating former theory respecting; metcoric bodies circulating round the Sun. 


perturbations of the giant planets outside the zone of asteroids, accounts 
perfectly for the observed motion of the node. 

It was demonstrated, therefore, that the November meteors revolve in 
a period of about 334 years, and in an orbit resembling the excentric cometary 
orbits. Schiaparelli’s discovery respecting the Angust meteors now naturally 
attracted fresh attention. The question was asked, whether a comet could 
be found whose orbit should correspond with that of the November meteors. 
After searching among all the more noted comets, astronomers examined 
telescopic ones. At length they found a small comet (Tempel’s), only 
discovered a few months before, whose path agreed in the most remark- 
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able manner with the orbit of the meteors. Peters, Leverrier, Adams, and 
other astronomers, helped to demonstrate the identity of the two orbits, 
respecting which there is now no shadow of doubt. 

This comet too, it fortunately chances, is one of three which have been 
subjected to spectroscopic analysis by Mr. Huggins, with results which 
are described further on. 

Now that we know that the meteor-systems encountered by the Earth 
travel in orbits of great extent, excentricity, and inclination, we have every 
reason for believing (or rather it must be held to be demonstrated) that 
the total number of meteor-systems within the solar domain is practically 
infinite; for only on this supposition can it be accounted for that the Earth 
encounters so many of these systems.—R. A. P. | 

The heights of a great number of shooting stars at the moment of their 
appearance and disappearances have been determined. 

‘Shooting stars,’ says Humboldt,* ‘ descend nearly to the summits of 
Chimboraco and of Aconcagua, at $750 yards above the level of the sea.’ 

{Much attention has lately been given in England, America, and Italy, 
to this subject. Mr. Herschel, who is to England what Mr. Newton is to 
America, has recently collated the observations undertaken to determine 
the heights of meteors. It appears that the heights of shooting stars at 
liome are sensibly the same as in those latitudes of Northern Europe and 
America where they have chiefly been observed ; and this height, as de- 
termined from the most trustw orthy observations since 1798, may be stated 
to be respectively 73 and 53 miles. at first appearance and disappearance 
above the surface of the Earth, with a probable error of nof more than two 
or three miles. | 

The height of a shooting star, at the two extremities of its path, and 
the time of its flight, are elements which enable us to determine the meau 
velocity of the body. This velocity often exceeds the velocity of the 
translation of the Earth, which is nearly 18 miles a second. Meteors have 
been observed which have traversed space with the enormous rapidity of 
43 miles, and others 50, and even 100 miles a second; that is. from two 
to five times the velocity of the Earth. 

[The average velocity of shooting stars, however, in 66 instances 
observed by Mr. Herschel, is 34-4, or in round numbers 35 miles per 
second. | 

The tremendous velocity with which these meteors traverse the celestial 
spaces enables us readily to understand their incandescence when they 
enter our atmosphere ; composed of easily inflammable matter, like some 
sulphureous metallic combinations, the intensity of the friction which they 
undergo in the upper strata of our atmosphere results in a very great rise 
of temperature sufficient to produce incandescence. 

[Mr. Herschel has roughly estimated, according to the dynamical 


* ‘Cosmos,’ vol. iii. p. 615. 
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theory of heat, the weight of twenty shooting stars, and found it to be 
on an average a little more than two ounces. <A similar estimate of the 
largest meteor observed in 1863 gave two hundredweight. | 

Differences of chemical composition and of degrees of incandescence 
also account for the diversity of colours which are observed. 

In the immense number of meteors which invade the regions of the air 
in a year, there are some perhaps that only pass through its domain and 
continue their path in space, after having presented us with the spectacle of 
a transient illumination. A great number, on the other hand, not only do 
not again leave our atmosphere. being vaporised therein, but, when of large 
size, attain the very surface of the Earth. Falls of stones, ferruginous 
masses, and dust, from the upper regions of the air, are proofs of this assertion. 

From shooting stars to meteors, or bodides, the transition in our 
narrative is easy: the difference between these two orders of phenomena is 
not very strongly marked. 





Fig 14.—Appearauce ofa Meteor ina Telescope. (Schinidt.) 


Bolides are luminous bodies of circular, or rather of spherical form, 
and of sensible apparent diameter. Like shooting stars, they appear sud- 
denly, but generally they move more slowly, and disappear after sume 
seconds. Their light is ordinarily less vivid, but their much more 
considerable apparent dimensions are sufficient to compensate this difference 
of intensity. The illumination of the landscape by the presence of a 
meteor sometimes approaches that of moonlight. Most of them leave 
behind a luminous train ; others explode with violence, and sometimes the 
explosion is accompanied with reports like discharges of artillery. 

The appearance of meteors is more rare than that of shooting stars, 
the total number of observations recorded amounting at most tu a 
thousand, reckoning those recorded by the ancients. 

A curious circumstance, and one which helps to prove the relationship 
between the shooting stars and meteors, is the fact that the appearances of 
meteors are more frequent in August and November than at other epochs 
of the year; and the total number from July to December exceeds also 
that observed from December to July. 

[One of the most curious observations of a meteor which have been 
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recorded, leaving that of 1783 out of the question, was recently made by 
Dr. Schmidt, who was fortunate enough to observe a large meteor in a 
telescope, under a magnifying power of eight times. The fire-ball was 
twin, and was followed by several smaller ones, following side by side with 
parallel motions of translation until all were extinguished (fig. 74). This 
observation lends force to the supposition that meteors exist in space as 
a crowd of bodies, revolving round each other, before they enter our 
atmosphere. | 

The heights of meteors from the surface of the Earth are often very 
considerable ; they vary between 7 and 310 miles. It must then be held, 
as remarked by Arago, that the sudden incandescence of meteors is pro- 
duced in regions where it was formerly supposed that the strata of the 
terrestrial atmosphere were so rarefied that all action of its elements on the 
matter of the shooting stars would be regarded as impossible. 

It has been suggested, not without some probability, that the attraction 
of the Earth is susceptible of retaining meteors in the state of permanent 
satellites ; and astronomical treatises quote the calculations of a French 
astronomer, M. Petit, of Toulouse, who assigns to one of these bodies a 
revolution round our globe, the period of which would be three hours and 
twenty minutes. The distance of this singular companion of our Moon is 
5000 miles from the surface of our Earth. 

We are here brought naturally to say a word of the falls of meteorites 
—stony and ferruginous masses, which, leaving the interplanetary spaces, 
have at various times astonished our populations by their unexpected 
fall. 

[Professor Maskelyne has recently made a convenient classification 
of meteorites into ‘ Adrolites or Meteoric Stones ;’ ‘ Avrosiderites or 
Meteoric Jron ;’ and ‘ Atrosiderolites,’ which includes the intervening 
varieties. 

Thinking that, unlike all terrestrial rocks, meteorites are probably 
portions of cosmical matter, which has not been acted upon by water or 
voleanic heat, Mr. Sorby was led to study their microscopical structure. 
He has thus been able to ascertain that the material was at one time 
certainly in a state of fusion; and that the most remote condition, of 
which we have positive evidence, was that of small, detached, melted 
globules, the formation of which cannot be explained in a satisfactory 
manner, except by supposing that their constituents were originally in the 
state of vapour, as they now exist in the atmosphere of the Sun; and, on 
the temperature becoming lower, condensed into these ‘ ultimate cosmical 
particles.’ These afterwards collected together into larger masses, which 
have been variously changed by subsequent metamorphic action, and 
broken up by repeated mutual impact, and often again collected together 
and solidified. The meteoric irons are probably those portions of the 
metallic constituents which were separated from the rest by fusion when 
the metamorphism was carried to that extreme point. ‘Though at present 
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he looks upon it as a mere hypothesis, he ventures to suggest that there is 
a similar relation between these ultimate cosmical globules and planets that 
there is between the minute drops of water in the clouds, and an ocean; 
and that the study of the microscopical structure of meteorites reveals to 
us the physical history of the solar system at the most remote period of 
which we have any evidence. | 
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Fig. 75.——Maas of meteoric iron, weighing 15 cwt., found in 1523 by Brard, 
at Caille ‘Var). 


It is now universally admitted that there is an intimate relation 
between the phenomena of shooting stars, meteors, and meteoric falls; as 
the falls have been in several instances known to occur after the appearance 
of a meteor. : 

On the 26th of April, 1803, at Aigle, Department of Orne, a few 
minutes after the appearance of a large meteor, moving from south-east to 
north-west, which was also perceived at Alencon, Caen, and Falaise, o 
frightful explosion, followed by detonations similar to the noise of cannon, 
or the roll of musketry, proceeded from a single black cloud in a very 
clear sky. A large quantity of meteorical stones, still fuming, was found 
on the surface of the ground, over an extent of country measuring not less 
than six miles, in the direction of its greatest length. The largest of these 
stones weighed rather less than twenty-four pounds. 

More recently, in the evening of the 15th of May, 1864, the identity 
of meteorites and meteors was evidenced by the appearance, explosion, and 
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fall of a splendid meteor, which was observed over a great extent of France, 
A globe of brilliant light, leaving behind it a whitish train, was shattered 
rocket-wise into numerous fragments. A noise like the prolonged rum- 
bling of thunder followed the explosion at some minutes’ interval, and a 
fall of stones which took place over about two square leagues enabled the 
extra-telluric matters of which the meteor was composed to be examined. 

Atrolites and atrosiderites of the same origin, but of much more 
considerable size, have been collected in different museums. M. Daubrée 
has permitted us to reproduce here, in figs. 75 and 76, two of the most 
beautiful specimens of meteorites now known. The first is a block 
of pure iron, found in a plain in the department of Var, which weighs 
upwards of eleven hundredweight. It is very remarkable for its crystal- 
line structure, visible even on its exterior, but rendered still more evident 
by a section made artificially at one of its angles. 

This is one of the treasures of the mineralogical galleries of the 
Natural History Museum of Paris; where, thanks to the zeal of M. 
Daubrée, the number of meteorites gathered from different points of the 
globe is increasing daily. 

Mineralogists and chemists have analysed these meteorites with great 
care, and it has been found that their composition is nearly always the 
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Fig. 76.—Aérolito found at Juvénas (Ardéche’, the 5th of June, 1821. 


same, whatever difference theirexternal aspect presents. Oxygen, sulphur, 
phosphorus and carbon, silicium and aluminium, potassium, sodium, 
sulphide of iron, metallic and magnetic iron, and other metals, such as 
nickel, cobalt, manganese, tin, copper, &c., have been recognised among 
the substances of which meteorites are composed. Latterly, the presence 
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of nitrogen has been detected, besides the eighteen simple bodies, of which 
the principal have just been cited. 

It is worthy of remark that all the simple bodies found in meteoric 
stones are known inour own planet. The chemical combinations of these 
bodies do not differ from those with which we are acquainted, excepting 
two or three, of which one, schreiberzite, has been recently artificially 
reproduced.* 

Thus, thanks to the phenomena which we have described — meteorites, 
meteors, and shooting stars—the planetary spaces, which seemed for ever 
shut out from direct investigation, have been correlated with our Earth. 
These masses, undefiled until the time of their fall by living contact, 
relate to us the mineralogy and chemistry of a whole region of the sky. 
By combining the indications which they furnish with the marvellous 
revelations of spectrum analysis, man is beginning to obtain precise 
notions on the composition of the most distant celestial bodies; and he will 
thus expand those ideas which the laws of attraction, of light, and of heat, 
have already enabled him to hold on their physical constitution. 


ALV. 
MARS. 


Movement of Mars round the Sun — Mars, in Opposition ; Conditions necessary for 
a favourable Opposition — Bright and Dark Spots—Effects of the Transit of 
Clouds —Colour of the Planet’s Disk; Why Mars is sometimes Red— Volar 
snows— Melting of the Polar Snows — Rotation— Seasons and Climate. 

In pursuing our exploration of the solar world, we mect with Mars after | 

the Earth; it is the next planet in the order of distance from the Sun, and 

therefore the first, the orbit of which encircles that of the Earth, or of those 
bodies which are called by astronomers Exterior or Superior Planets. 

At successive [average] intervals of two years, one month, and nineteen 
days, its movement of revolution briags it in opposition with the Sun; 
that is to say, in a line passing respectively through the centres of the 
Sun, Earth, and the planet. Mars is then comparatively very near to us, 
and in an extremely favourable situation for observations of its disk; 
indeed, excepting the Moon, there is no planetary body, the physical 
constitution of which has been better studied. 

Mars appears to the naked eye as the reddest star in the heavens,} but its 
brightness varies considerably, on account of the variability of its distance 
from the Earth. Occasionally its light scintillates, but most frequently 
this does not happen: and it is thus, like all other planets, distinguished 
from the stars of the same apparent magnitude. 


* By MM. Faye and H. Deville. ft Beer, Midler, and Arago. 
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If, instead of observing with the naked eye, a telescope of sufficient 
magnifying power is used, the scintillation entirely disappears, the luminous. 
point takes the form of a clearly defined disk, and the degree of intensity 
of the red colour diminishes and passes to a general tint of a yellowish red. 

As is the. case with Venus and Mercury, the light which Mars emits 
is borrowed from the Sun; but it is more difficult to prove this fact 
common to all the bodies which revolve round the contral fire absolutely 
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Fig. 77.—Orbit and Phases of Mars. 
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because the phases of its disk are extremely small. They exist, however. 


It is easy to account for this difference, which we shall find more decided 
still in the planets furthest from the Sun. 

When Mars and the Earth are brought, by their movements of 
translation round the Sun, into a straight line with it (see fig. 77), but in 
such a manner that we are placed between the Sun and the planet, Mars is 
presented to us under the form of a completely illuminated disk. It 
presents the same appearance when it is on the other side of the Sun. In 
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the intermediate positions, there is but little perceptible change in the 
appearance to that presented at conjunction or opposition.* At certain 
distances, however, from these two extreme positions,t Mars presents to 
us a slight portion of its dark hemisphere, although the luminous part is 
always by far the larger. 

The aspect of Mars at this time caused Sir J. Herschel to apply the 
term gibbous. ‘The apparent form of the planet then {8 that of the Moon, 
two or three days before or after full. ’ 


Fig. 78.—Apparent dimensions of Mars at its mean and extreme distances frum the Earth. 


However slight this phase, it sufficed to prove, as we have before said, 
that Mars is not self-luminous, and we shall see that it is thus with all the 
other plancts. 

If we consider the orbit which Mars describes round the Sun, we shall 
readily see how it is that this planet is most favourably situated for 
observations of the physical particularities of its surface. 

The two inferior planets, Mercury and Venus, oscillating at small dis- 
tances round the Sun, are often hid in its rays; besides, during their 
periods of visibility, they show us a considerable portion of their dark 
sides. It is not thus with Mars, which is only lost once in a revolution 
in the solar rays, and is almost without phases. We have before said 
that when a superior planet is in opposition with the Sun, its distance 
from the Earthis least. At this epoch, indeed, this distance is measured by 
the difference between the distances of the planet and the Earth from the Sun. 

Let us look into this statement a little closer with regard to Mars. 

Like all planets, Mars describes an orbit which is not circular, so that 
its distance from the focus of the system varies continually. At its 


* Let us remind the reader that a planet is in Conjunction when it is on the same 
line as the Sun, between it and the Earth. It is in Opposition when on the same 
line as the Sun, but on the opposite side of the Earth to the Sun. 

+ At the guadratures, or in the position in which lines drawn to the Earth and 
Sun form the greatest possible angle. 
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greatest distance from the Sun, Mars is 2,304,000 miles removed; at 
its minimum distance, 126,318,000; its mean distance being 139,311,000 
miles. Thus the difference in the distance from the Sun at perihelion and 
aphelion amounts to 26,000,000 miles. These numbers indicate an orbit 
of considerable ellipticity. 

From this follow also enormous differences in the distance of Mars from 
the Earth ; in their various relative positions; whilst the planet isfsome- 
times distant.from us 243,000,000 miles, in its most favourable opposition 
it is not more than 34,000,000 miles away from us—a distance seven 
times less than the first. 

‘It will not be astonishing then, in glancing at figure 78, to find such 
great differences between the apparent dimensions of the disk of Mars, 
seen from the Earth at its extreme and mean distances. 

[The actual minimum distance of Mars does not occur when Mars is 
in opposition in perihelion, because the Earth’s orbit is excentric and the 
aphelion does not coincide in direction with the perihelion of the orbit of 
Mars. The heliocentric longitude of this perihelion is 3334; and if Mars 
were in opposition then his distance from the Earth would be represented 
by ‘3716, when the Earth's mean distance is represented by unity. Mars 
in opposition, in longitude 328° or thereabouts, has a mean distance of 
"3709, and his apparent diameter is then almost exactly 30’.—R. A. P.] 
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Fig. 79.—Mais and the Earth ; comparative dimensions. 


Mars traverses its orbit with varying velocities. Its mean rate of 
motion is. about 16 miles a second. 

The apparent diameter of Mars is less than that of Venus: this is 
due to two causes; firstly, Venus approaches nearer the Earth, and, 
secondly, the diameter of that planet is larger in reality than that of 
Mars ; it exceeds it by about three-fourths. The diameter of Mars is 


4363 miles, that is, a little more than half that of the Earth, which is 
nearly 8000 miles. 
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Lastly, whilst the surface of Mars is scarcely more than a quarter of 
the Earth’s surface, its volume scarcely exceeds the seventh part. Never- 
theless, it is more than double that of Mercury, and about seven times 
that of the Moon. The mass of Mars is about one-tenth of the Earth. 

We now arrive at a subject of extreme interest—the physical con- 
stitution of the planet. 

To observe Mars, we must clioose the most favourable epoch—that of 
opposition ; and, if possible, of an opposition when the planet, as we have 
before explained, is at its greatest possible proximity-to the Earth. We 
must also furnish ourselves with a powerful telescope, one. if possible, 
driven by clockwork, so that it exactly keeps pace with the planet in its 
westward course. 

Let us turn our instrument on the reddish luminous point of light, on 
a clear night, when the air is calm and charged with moisture, and the 
height of the planet above the horizon is the greatest possible, so that we 
shall have the least possible thickness of atmosphere to penetrate. It will 
be then nearly midnight, since it is towards that hour that all planets 
culminate—that is to say, pass the meridian—at opposition. 

The disk of the planet will appear of a nearly circular form, perfectly 
well defined, and overspread with light and dark spots, which differ 
considerably in tone and colour—tone especially. The brighter portions, 
excepting in two points nearly diametrically opposed, are sometimes of a 
reddish tint, whilst the dark spots, as some hold, by the effect of contrast, 
as others hold, absolutely, seem of a blue or greenish grey. Throughout 
its circumference the disk is more luminous than the central part; the 
dark spots also are effaced and disappear at the limb. 

Lastly, at two points, of which mention has been before made, which 
are not situated at the extremities of a diameter, two spots of unequal 
extent and of extreme whiteness, which contrasts with the reddish parts, 
shine with a very particular brightness.* These two spots mark near 
the poles of Mars. 

All the appearances on the surface of the planet may be divided into 
permanent and variable ones. The permanence of the features, that is to 
say, the constancy of their principal shapes, and of their relative situations, 
has been proved by numerous and minute observations—a matter more 
difficult than might be imagined at a first examination. Indeed, as the 
observation of the spots shows, the planet has a movement of rotation 
effected in about 244 hours. Hence it follows that in a few hours the 


* ‘The colour of the polar spots’ (we quote Beer and Madler) ‘were, every time 
the planet was distinctly seen, always of a bright and pure white, in no way similar 
to the colour of the other parts of the planet. In 1837 it happened once that Mars, 
during the observations, was completely obscured by a cloud, with the exception of 
the polar spot, which remained distinctly visible to the view.— Fragments sur les Corps 
Célestes. 

Arago estimated that the brightness of the polar spots is more than double that 
of the other bright.spots, on the edge of the disk. 
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aspect of the disk changes: of this we may gain an idea by examining 
figures 80 and 81. Besides, when, in consequence of the movement of 
rotation, a spot approaches the edge, it disappears before having attained 
it. This disappearance is owing, doubtless, to the atmosphere of Mars, 
seen in these points under a great obliquity, and the brightness of which 
effaces the darker tint of the spot. 

Lastly, the orbit of Mars does not coincide with the ecliptic: the two 
planes form a slight angle (1° 51’). But if to this is joined the much 
greater inclination of the axis of rotation, we shall readily see why, at 
successive opposition, Mars does not present to the Herth the same por- 
tions of its surface. Hence changes produced by perspective, so much 
more decided as a spherical surface is in question. 

The variability, often very rapid, which is observed in the form of the 





Fig. 80.—Views of Mars at two hours’ interval. (Warren De La Rue.) 


features which overspread the disk, has suggested the opinion that these 
phenomena are owing to the interposition of cloudy masses in the planet's 
atmosphere above the general level of land and sea. Mr. Lockyer, who 
carefully followed the changing features of Mars during the opposition of 
1862, thus writes in his Memoir™ on the planet: ‘ Although the com- 
plete fixity of the main features of the planet has been placed beyond all 
doubt, daily——nay, hourly—changes in the detail and in the tones of the 
different parts of the planet, both light and dark, occur. These changes 
are, I doubt not, caused by the transit of clouds over the different 
features.’ The drawings which accompany this Memoir seem to fully 
justify this opinion. 

It is generally held that the reddish and bright spots of Mars are the 


* ‘Memoirs of the Royal Astronomical Society,’ vol. xxxii. p. 183. 
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solid parts of the surface on the continents, whilst the dark bluish spots 
form the liquid parts on the seas. This distinction is founded on the 
unequal reflexion of the light by the land and the water. 

Whence comes the reddish colouring, which charactcrises the bright 
parts of the disk? If Mars were self-luminous, this tint would doubtless, 
be attributed to the very nature of its light; but it only reflects to us the 
white light of the Sun; it is evident, therefore, that the colour is im- 
parted by the planet or its atmosphere. Several hypotheses have been 
suggested on this subject. Some have attributed the red tint of the con- 
tinents to the nature of the soil, composed of red sandstone. Others, 
among them Lambert, have thought that the colour of the vegetation, 
instead of being green, as it is on our Earth, is red on Mars. This 
explanation is not an impossible one; but, if it be true, there should be 





Fig. 81.—Rotation of Mars. Movement of tho spots observed during the opposition 
ot 1830. (Ber and Midler. 


variations in the intensity of the tint on each of the hemispheres of the 
planet corresponding to the seasons; the tint should diminish during 
Winter, to reappear in spring, and to attain its maximum in the summer. 

It has also been proposed to explain the colour of the spots by the 
refraction of the rays of the Sun through the atmosphere of Mars. 
Arago has refuted this hypothesis by the simple remark, that at the 
borders of the planet the redness should be more decided than in the 
central portions, since the luminous rays traverse a greater thickness ot 
atmosphere, and traverse it more obliquely, in the regions near the limb, 
where the contrary effect is observed. Let us add, that this hypothesis 
does not explain why the red tint is not general. The ruddy light of 
Mars cannot, therefore. in this manner be assimilated to our twilight 
hues. It is probable when Mars is clouded, the light reflected by the 
clouds undergoes less absorption than that reflected by the planet itself; 
and on one occasion the spectroscope has indicated this increased absorp- 
tion by revealing the fact that the sunlight wos reflected to us minus a 
large portion of the blue rays. 


Thus from the Earth we can watch the formation of the polar ice, 
and the fall and thaw of the snows on the surface of a neighbouring 
planet ; in a word, all the vicissitudes of heat and cold which distinguish 
. the seasons of winter and spring, autumn and winter. The succession of 
these changes is now so well established, that astronomers can predict 
approximately the form, relative size, and position of the northern and 
southern snow-zones. 

We have said that the two white spots are not of the same extent 
cither during their respective winters or summers. ‘The snowy cap of the 
southern hemisphere varies within much greater limits than that of the 
opposite pole: it is much more extensive during the winter season, and 
it diminishes during the summer to such an extent that it does not occupy 
more than the fifth part of the superficies of the snowy spot of the 
northern pole. This difference is casily explained by the great incli- 
nation of the axis of the planet to the plane of its orbit, and by the fact 
that the southern pole is turned towards the Sun, when Mars is nearly at 
its smallest distance from the focus of light and heat. The summer time, 
on the other hand, of the northern hemisphere, occurs at the epoch of its 
greatest distance. The quantities of heat received by the globe of Mars, 
at these two opposite points of its orbit, vary in the ratio of seven to five.* 
In truth, these differences of temperature are partly compensated in the 
course of a revolution; but the extremes of heat and cold are still very 
decided. 

We have seen that Mars presents the most curious analogies with the 
Earth ; and it is probable that to the inhabitants of Venus our planet 


* Atthe mean distance of Mars from the Sun, the disk of this last body is but 
tiiths of that presented to us, or less than half; but at its shortest distance, the 
Sun’s apparent diameter is about three-fourths; the apparent surface of its disk is 
then a little more than half that which is presented to us. 
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presents the same appearances that Mars does to us. Like the poles of 
Mars, the poles of the Earth are covered with snow and ice: it is also our 
Southern pole which is the most frost-bound, and for the same astronomical 
reasons, by the congelation of the aqueous vapour. Lastly, the points of 
createst cold on Mars, as on the Earth, do not coincide exactly with the 
poles of rotation. ‘This excentricity is very evident in the views of 
Mars given in fig. 80. 

If snow falls in Mars, it is because water is there evaporated by heat ; 





Fig. §2.—Iuclination of the axis of rotation. Mars at one of its solstices, 


hence, the water must spread on the surface under the form of clouds, 
which condense sometimes in a liquid state in the form of rain, sometimes 
as snowy crystallisations. Thus Mars certainly possesses an atmosphere 
of aqueous vapour. 

But we see the permanent spots on the disk too distinctly, not to be 
certain of the existence of an atmosphere analogous to our own, the 
pressure of which, by counterbalancing the expansion of the aqueous 
vapour, prevents it from usurping all the surface. We have already said 
that the more luminons borders of the disk allow us to infer the existence 
of a cloud-bearing atmosphere, which effaces by its brightness the dark 
spots when the rotation brings them towards the limb. 

The meteorology of Mars is, then, to a great extent known. It 
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presents, we repeat, the greatest analogies with the meteorology of our 
Earth. But at the same time notable differences distinguish them. As 
Professor Phillips has remarked, the considerable periodical exchange of 
moisture which is made between the two hemispheres, especially between 
the two poles, must give rise to hurricanes and storms, of the violence of 
which we can form no idea; while the melting of the snows over such. 
large areas must produce terrible periodical inundations. 

We have seen that Mars turns on itself in about 244 hours.* Thus 
the duration of its movement of rotation exceeds that of our sidereal day 
by 41 minutes. 

Mars accomplishes an entire revolution round the Sun in 687 of our 
terrestrial days. But, the year of Mars only contains 6693 of its own 
sidereal days; and as the number of the solar days—we have explained 
this for the Earth—is always less by one than that of the rotations, the year 
of Mars is in reality composed of 6688 of its own solar days, which gives, 
for the duration of one of these days, 24 hours, 39 minutes, 35 seconds. 

Thus a whole day of Mars exceeds one of our days by 39 minutes 
35 seconds. The difference is not very perceptible. 

Besides, the inclination of the axis of rotation to the plane of the 
ecliptic is nearly the same as that of the axis of the Earth. It follows 
that in the course of a year Mars presents its various regions to the Sun, 
nearly like our globe, so that the length of the days and the nights, in the 
different latitudes, is distributed in the same manner. The extreme zones, 
torrid and frigid, are a little more extended, proportionally, which 
consequently reduces the surface of the temperate zones. But it must not 
be forgotten that this is a favourable circumstance, at least for the tropical 
regions, since the solar light and heat arrive at the planet with an intensity 
much less than on our globe. 

Between Mars and the Earth, however, there is an important distinc- 
tion, and jf lies in the difference between the lengths of the Terrestrial and 
Martial seasons. In the northern hemisphere of the planet, the 668 days 
of its year are divided as follows : 

Spring lasts . . . . 101 days 8 hours. 
Summer ..... Isl , 0 ,, 


Autumn ..... lif? 7, 8 ,, 
And Winter . . . . 47 ,, O 


” 


But the summer seasons of the northern hemisphere are the winter 
seasons of the southern hemisphere, whence it follows that the spring and 
summer, taken together, last 76 days longer in the northern hemisphere 
than in the southern one. 

The globe of Mars is not exactly spherical : it is flattened at the poles, 
and it bulges, like our Earth, at the equator. But the measurement of 
this flattening presents considerable difficulties, which most of the observers 


* Qih 37" 22e02 (Kaiser); 2L> 37™ 227] (Proctor). 
fT 61° 9 for Mars; 66° 33' for the Earth. 
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attribute to errors of measurement induced by the irradiation caused by 
the polar spots. Arago, who made a series of mensures of the two 
diameters with great care, concluded that the latter is shorter than the 
former by the thirtieth part of its value. Herschel, in 1784, found the 
same quantity, ;';; whilst more recent measures appear to reduce it to 
the third of the value measured by Arago. M. Kaiser (of Leyden) gives 
riz for the flattening, as measured during the opposition of 1862. Sup- 
posing that the planet was fluid in the first instance, the figures which 
precede are too great to be in accordance with the laws of hydrostatics, 
which govern the configuration of the celestial bodies. But it is to be re- 
gretted that the uncertainty of the measures is here, perhaps, the only cause 
of this apparent anomaly, and we hope that, at the next most favourablo 
oppositions, astronomers will arrive at more precise data on this point. 

It remains for us, before we complete this monograph of Mars, to 
speak of its density, which is very near that of the Earth;* of its mass, 
which is rather more tlran an eighth of the terrestrial mass; and, lastly, 
of the force of gravity by which the bodies are retained on its surface. 
This last is half that which is observed on the surface of the Harth, 
whence we may conclude that the organization of the living bodies which 
people Mars differs notably from that with which we are familiar. 

It may be seen, also, that the conditions of temperature to which these 
beings are subjected are very variable, and that the solar illumination 
varies very largely. But before we can draw from these facts positive 
conclusions, the constitution and density of the atmosphere, an element so 
important in the physiology of the celestial bodies, must be known. 

Mars has no satellites. Its nights are therefore completely dark, it 
indeed they are not lit up by aurora and long lingering twilights. 

At all events, this is not a great privation, to judge by the imperfect 
manner in which our Moon acquits itself of its function of torch-bearer to 
our Earth. 


XV. 
THE MINOR PLANETS. 


Considerable number of Celestial Bodies circulating round the Sun between Mars 
and Jupiter — Bode’s Law — Olbers’ Hypothesis —Interlacing of their Orbits — 
Some Details on the principal Planets of the group, Juno, Pallas, Ceres, and 
Vesta — How to discover a New Planet. 

Tse number of the known planets in the Solar System, sixty-four years 

ago, was only seven, among which was counted the large planet Uranus. 

discovered by Sir W. Herschel. At the present time this number is 
increased to 152, so that without reckoning cometa and discovered 


* 0°048, that of the Earth being 1. 
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satellites, the solar system has been increased by 146 bodies. It is true 
that, with the exception of Neptune, which forms part of the group of 
large planets, all these bodies are of extreme smallness, and, taken sepa- 
rately, do not even equal in size the satellites of the principal planets. 

Hence they have been named Asteroids, Minor Planets, and Tele- 
scopic Planets. 

In spite of their smallness, they form a very interesting group, which 
gives a new appearance to the solar system, at the same time that it 
throws a fresh light on the problem of its formation and development. 
The 146 telescopic planets now known—the number increases every year 
—are all situated between Mars and Jupiter; the orbits which they 
describe round the Sun are so near one another, and so interlaced, that a 
contemporary astronomer, M. D’Arrest, deduced from this circumstance 
the evident proof of a common origin. 

‘One fact,’ he says, ‘seems above all to confirm the idea of an intimate 
relation between all the minor planets ; it is, that, if their orbits are figured 
under the form of material rings, these rings will be found so entangled, 
that it would be possible, by means of one among them taken at hazard, to 
lift up all the rest.’ 

At the time when these lines were written, only 14 asteroids were 
known; since then, 132 more newly discovered planets have been found 
(to September, 1875) to occupy the mid-interval. The comparison of 
D’ Arrest, and the inference that he draws from it, are therefore so much 
the more strengthened. 

Before the discovery of the minor planets, astronomers, in comparing 
the intervals which separated the known planets from the Sun, noticed 
the relative considerable distance between the two planets, Jupiter and 
Mars. The imagination of Kepler, which led the illustrious disciple of 
Tycho into theoretical views of extreme hardiness, placed an undiscovered 
planet in the vacant space; and this hypothesis seemed corroborated by a 
discovery made by an astronomer of the eighteenth century—Titius, who 
detected a singular connexion, since known under the name of Bode’s Law, 
between the successive distances of the planets. 

This connexion was as follows. If we write down the following 
series of numbers— 


0 3 6 12 24 48 96 
and add 4 to each of them, we shall have another series— 
4 7 10 16 28 §2 100 


Now, the terms of this series, with the exception of the fifth-——28,— 


nearly represent the relative distances of the planets known in Titius’ very 
time :— 


Mercury, Venus, arth, Mars, — Jupiter, Saturn. 
After this empirical law w announced, the discovery of Uranus in 
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1781, extended the series, and it was found that the distance of the new 
planet was precisely that represented by the eighth term, 196, of the 
regularly formed series. Hence, to conclude the existence of a planet, 
which should fill the blank existing between Jupiter and Mars, was natural. 
‘Baron de Zach,’ says M. Bespiault, in his excellent monograph of the 
asteroids,* ‘ went so far as to publish beforehand, in the Berlin Almanac, 
the elements of the supposed planet, and he organised an association of 
astronomers to search for this body. The Zodiac was divided into 
twenty-four zones, each of which was confided to the special surveillance of 
one of the members of the Society.’ The discovery was made, but 
certainly not in the manner contemplated. 

In fact, on the Ist of January, 1801, at Palermo, Piazzi inaugurated 
the nineteenth century by the discovery of Ceres, thus filling the gap 
indicated by Titins and Bode, of which, truth to tell, he thought very 
little. Singularly enough, however, Ceres precisely occupied the vacant 
number 28, which expressed the distance of the new planet from the Sun, 
the distance of the Earth being represented by 10. Fifteen months after, 
a second planet, Pallas, was added to the list, and this greatly disturbed 
the views of the prophets of the first discovery. 

The able astronomer, Olbers, who had discovered Pallas, then hit 
upon an ingenious theory. He considered the two new bodies were 
jragments of a planet which had been destroyed. Now, the laws of me- 
chanies indicated that after such a catastrophe, whatever might be the cause, 
the fragments, in whatever directions they might be thrown, ought to lie 
at the same mean distance from the focus of their movements, the Sun ; 
and should pass, moreover, at each of their revolutions, through the point 
of space in which the catastrophe took place. 

Pallas aud Ceres very nearly fulfilled those conditions, and it was the 
same with the third planet discovered, Juno, which was supposed to be a 
third fragment of the hypothetical planet. 

The researches were continued under the influence of these views ; and 
lastly, Olbers himself, in 1807, discovered Vesta. But, curious contradic- 
tion, this discovery, which it was expected would definitely consolidate an 
ingenious and otherwise rational theory. on the contrary, shook it to its 
foundations. The distance, and other elements of the orbits of Vesta, 
presented serious differences both with this theory and Bode’s law; and 
both have since received their coup-de-grdce.t 


* ‘Memoirs of the Physical and Natural Sciences of Bordeaux,’ vol. ii. p. 171. 

+ The planet Neptune, the last of the known planets of the solar system in the 
order of distance, is far from satisfying tle empirical formula of Titins. Its distance, 
which should be represented by the numbex 388, is in reality only 300. Let us add, 
as noticed by others, that the first number of the series, that which corresponds to 
Nercury, is not formed in a regular manner. Instead of 0) it should be 1-5, which, 
by adding 4, would become 5:5, whilst the true distance of Mercury 1s 3°87. 

It seems, however, well to retain, as an aid to the memory, the series we owe to 
Titius ; it is, moreover, intimately conim cted with the history of Astronomy. 
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In fact, since 1845, the epoch of the discovery of the fifth asteroid, the 
number of these bodies has rapidly increased, and we have every reasott 
for believing that it will continue to do so. 

In the actual state of discovery, the 146 small planets form a zone, 
almost entirely confined to that half of the interval between Mars and 
Jupiter nearest to Mars. One only, Maximiliana, which is consequently 
the furthest from the Sun, is found to be nearer to Jupiter than to Mars. 
The breadth of the zone is upwards of 100,000,000 miles ;* but through- 
out this interval the planets are very irregularly distributed, since 104 are 
situated in the half of the zone nearest Mars, and 28 only in the other half. 
It follows, from these numbers, that the 104 minor planets nearest the Sun 
are separated from each other, on an average, by less than 1,000,000 
miles, or less than four times the distance of the Moon from the Earth. 

The middle of the zone is about 250,000,000 miles from the central 
body. The distance of the Earth from the Sun being represented by 10, 
this last distance would be represented by 28,—the term of Bode’s series, 
which at first pointed out the gap; but the uneven distribution of the 
minor planets much reduces the value of this coincidence. 

We have seen that, if averaged, the orbits of these bodies lie near 
together. If we compare them one by one from this point of view, we find 
the real distance, in some cases, to be much smaller. But the distances 
indicating the mean separation do not apply to the planets themselves, 
first, because, at a given epoch, they are found in very different directions, 
and also because their orbits are more or less elongated, and the planes in 
which they move are very diversely inclined. 

The forms of the orbits are far from being circular. One of the least 
elongated of all, that of Freia, is proportionately much more elliptical than 
the orbits of the Earth, Neptune, or Venus, which are the nearest to the cir- 
cular form among the orbits described by the bodies of our solar system. 
The most elongated is the orbit of Polyhymnia, of which the major axis 
surpasses the minor axis by one-third of its length, which causes between 
its greatest and least distances from the Sun a difference of 184,800,000 
miles. Fig. 83 shows the form and relative size of these two orbits, com- 
pared with each other and with that of the Earth. 

The planes in which the telescopic planets move are very diversely 
inclined to each other. In comparing them with the plane of the Earth’s 
orbit, it is found that some among them, those of Massilin and Angelina, 
fur example, nearly coincide with it ; whilst the orbit of Pallas, as may be 
seen in Plate I., rises at an angle of 34°, that is to say, nearly 2ths of a 
right angle.t 

It now remains to us to terminate this general sketch, by saying a word 


_ ™ This breadth is increased to 230,000,000 miles, if we take the extreme distances 
into account. 

¢ These considerable inclinations have caused the name of wlfra-zodiacal planets 
to be given to the asteroids ; ax a great number of them, in consequence of their 
inclination are observed out of the zone in which the principal planets move. 
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on the times occupied in their revolutions round the Sun. These periods 
are comprised between 1193 and 2310 mean solar days, that is to say, 
between 3 years, 5 months, and 7 days, and 6 years, 3 months, and 28 
days, which mark the length of the years of Flora and Maximiliana 
respectively. It happens, as it does also with the mean distances, that 
some of the asteroids perform their journey round the Sun in times almost 
equal. Inthe case of Egeria and Astrea the differance is not more than 
half a day ; for Eurydice and Clytie a quarter of a day; and, lastly, Leto 
and Bellona accomplish their revolutions, one in 1688°295 days, the other 





Frewa 
Fig. 88.—Orbits of Freia and Polyhymnia, compared together, and with that of the Earth. 


in 1688°546—that is to say, with a difference of about six hours and two 
minutes only. This is a direct consequence of one of the laws of Kepler, 
which connects the time of revolution and mean distances of the planets 
of the system. 

We will now pass under review some of the principal bodies of this 
group, and see whether we have yet discovered any facts relating to their 
dimensions and physical constitution. 


Vesta is the most brilliant of the entire family. It is visible to the 
naked eye in a very clear sky, and its light, a palish yellow, is whiter than 
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those of the three planets discovered before it. It takes three years and 
eight months to accomplish its entire revolution round the Sun, at a mean 
distance of 216,000,000 miles. As its orbit is relatively but little elon- 
gated, there is only a difference of 36,000,000 miles, between its perihelion 
and aphelion. Its real diameter, measured by Madler, is about 300 miles, 
not the twenty-fifth part of the diameter of the Earth, so that the surface 
of our globe comprises nearly 700 times that of Vesta. Here, then, is a 
planet, the entire surface of which contains but the ninth part of the 
European continent. The volume of the Earth is nearly 18,000 times 
that of Vesta. [But no reliance is now placed in these figures.—R. A. P.] 


Juno has the aspect of a star of the eighth magnitude, and is, conse- 
quently, invisible to the naked eye. Its colour is reddish, and its light is 
subject to variations, which are not less remarkable than the rapidity with 
which they are accomplished. This phenomenon is not peculiar to Juno; 
it is observed in Vesta—which sometimes becomes very bright—in Ceres, 
and in many other of the minor planets. Several hypotheses have been 
suggested to explain this fact. Some suppose that the different faces of 
these small bodies do not reflect the solar light with the same intensity ; 
that some are formed of crystalline facets, or even have a light of their own. 
Others believe that the small planets are irregularly formed, presenting to 
us consequently sometimes very extensive, and at others very limited, sur- 
faces. Whichever hypothesis we admit, both take for granted a rotation. 
Perhaps, in studying with care the periods of these variations, we may 
learn the durations of these rotatory movements. M. Goldschmidt, who 
ranks almost highest among living astronomers in this branch of research, 
has already made some interesting observations with this object in 
view. 

Juno recedes from the Sun, at aphelion, to a distance of 306,700,000 
miles ; at perihelion, it approaches within 181,000,000 miles; hence, its 
mean distance is about 244,000,000, and there is a difference of 125,700,000 
miles between its extreme distances. Its orbit is far from having a circular 
form. 

Midler estimated the diameter of the planet at 360 miles; which is 
thus 22 times less than that of the Earth, and its surface is a little more 
extensive than that of Vesta. It travels over its orbit in 15921 days, or 
in 4 terrestrial years and 4 months. 


Ceres, the 56th of the group in the order of distance, and, as has been 
seen, the first in the order of discovery, appears as a reddish star, the 
brightness of which is intermediate between that of Juno and Vesta. 

An illustrious observer, Schroter, thought he detected in the vaporous 
appearance of its disk the proof of the existence of a very extensive atmo- 
sphere. The same seemed to hold good for Pallas, and he concluded that 
these two planets were surrounded with a gaseous envelope of 500 miles 
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in thickness. Since his time it has been found that these appearances were 
due to the imperfection of his telescope. 

Ceres revolves round the Sun in 1680} days, at a mean distance 
of 253,000,000 miles. But, at its minimum distance, it is nearer by 
40,000,000 miles than at its greatest distance. The heat and light re- 
ceived from the Sun by these bodies. the distance of which varies in such 
considerable proportions, vary also between rather wide limits. But as 
nothing is known of the physical constitution of Ceres or of the condition 
of its surface, it is impossible to draw certain conclusions from these data 
relative to the actual variations in the planet’s temperature. 

The diameter of Ceres has been measured several times. But the 
results are not concordant: whilst it is 450 miles according to Schriter, 
it is only 160 according to Sir W. Herschel, and Argelander valued it at 
220. If we adopt this last number, we find that the surface of Ceres is only 
the 1300th part of that of the terrestrial globe; so that 46,000 globes 
as large as the planet would be required to equal the volume of the Earth. 


We now pass to Pallas, which revolves round the Sun in 16834 days, 
in an orbit nearly as elongated as that of Juno, greatly inclined to the 
plane of our ecliptic, and at a mean distance of 258,000,U00 miles. At 
its aphelion, Pallas is 314,000,000 miles away from the Sun, whilst at its 
least distance it is about 192,500,000. At the time of its nearest approach 
to the Earth, Pallas has the aspect of a star of the seventh magnitude, 
of a beautiful yellow colour. Its diameter has been estimated at 600) 
miles.* It is the most important of all the smaller planets, although 
its diameter is 1° times, its surface 168 times, and its volume 2177 times 
less than that of our Earth. All these numbers, it will be understood, 
are merely approximate, and we give them principally in order that a 
clear idea may be formed of the relative importance of all the celestial 
bodies of our system. Fig. 84 should make this point clearer still. 


The four planets of which we have just given some details, are 
among the most important of the group. The smallness of nearly all the 
others is such, that it is not possible to measure their diameters; as they 
appear in a telescope merely as luminous points. It is probable that the 
least of these microscopic bodies have diameters which, do not reach many 
score miles, so that their surface is less than that of one of our English 
counties. M. Lespiault, from whom this comparison is borrowed, adds 
that a good walker could easily in a day make a tour of many of these 
miniature worlds. 

How long shall we go on making discoveries of fresh bodies in this 
zone between Mars and Jupiter? This is a difficult question to solve, but 
it is probable that we are now acquainted, if not with the largest of the 


* Lamont. 
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minor planets, at all events with all those most easily visible from the 
Earth. The discovery of others will, therefore, become more and more 
difficult, and the extension of their number is partly subordinate to the use 
of larger instruments in the research, and more detailed celestial maps. At 
all events, M. Leverrier, from mathematical considerations, has assigned 
to the total mass of the bodies which compose the ring such a limit, that, 
if we suppose them to possess a density equal to that of our own globe, 
those already discovered form only the ,,5,th part of it. This would 
make the number of the minor planets about 150,000. But, admitting 
that this number may be ex- 
cessive, and in reducing it to 
the tenth of its value, this 
swarm of celestial bodies will 
still be counted by thousands. 


We have heard so often 
during the last twenty years 
of the discoveries of new 
asteroids, that some of our 
readers may be interested to 

Fig. 84.—Comparntive dimensions of the Earth and know the way in which these 

eRe eee Paley nly ee discoveries are made. Let us 
begin by stating that it is not chance that presides over these researches. 
From the discovery of Piazzi down to our own time, it is only by special 
and systematic examination that our knowledge of the Solar System has 
been increased in such an astonishing manner. 

It is not, as we have already said, by its aspect, that a planet is dis- 
tinguished in the midst of the starry vault from the multitude of luminous 
points which surround it; and this remark applies especially to these 
small bodies, the diameter of which is insensible. It is by its proper 
motion,— by its progressive displacement, that it is recognised. How, 
then, can this be detected? By using very detailed celestial maps, con- 
taining all the very small stars, and incessantly watching the regions 
mapped for the appearance of new ones. Such is the first sine gud non 
for such a research, and the astronomer who undertakes the construction of 
celestial maps, executed with the necessary detail and precision, is of 
necessity the fellow-labourer of him who actually discovers the planets. 
Let us add, that often these two collaborateurs are one and the same 
person. 

It is not necessary to explore the entire sky. It is sufficient to exa- 
mine the regions nearest the ecliptic, because, as the orbit ef a planet must, 
necessarily, twice in each revolution, pass through the plane of the orbit of 
the Earth, it is enough to look out for the body at one or other of these 
nodal passages. 

Fig. 85 reproduces, on a reduced scale, one of the maps constructed by 
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a distinguished observer, M. Chacornac, to whom astronomy owes, beaider 
numerous observations of different kinds, the discovery of eight telescupie 
planets. 

This map includes all stars down to the thirteenth magnitude. Fur- 
nished with a map of this kind, and a telescope powerful enough to show 
all the stars marked on it, the observer who intends to devote himself to 
the search after small planets will proceed in the following manner :— 





Fig. $5.—Ecliptic chart, from M. Chaco:nac’s ‘Star Atlas.’ 


He will place in the field of view of his telescope six spider lines at 
right angles to each other, and all of them the same distance apart, in such 
a manner that several squares will be formed. embracing just as much of 
the heavens as do those shown in the map. He will then direct his tele- 
scope to the region of the sky he wishes to examine, represented’ by the 
map. 60 as to le able to compare successively each square with the corre- 


sponding portion of the sky. 
° 
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He can then assure himself if the numbers and positions of the stars 
mapped, and the stars observed, are identical. If he observe in the field 
of view a luminous point which is not marked in the map, it is evident 
that this can only arise from two causes, if the map be well made. It may 
be that the new body is a star of variable brightness, and that it was not 
visible at the time the map was made; or indeed that it is a planet. It 
then becomes necessary to distinguish between these two possible cases. 
We must examine whether the new body remains invariably fixed at the 
same point, or, on the other hand, if it changes its position with regard to 
the neighbouring stars. The proper motion is generally so sensible, that in 
the course of one evening the change of position may be detected. In this 
1 ast case a new planet, or perhaps a comet, has been discovered. 





Big. 86.—Discovery of a smal] planet by means of Ecliptic Charts. 


Fig 86, which represents, on the left the map itselt, on the right the 
field of view of the instrument, will be sufficient to give an idea of the 
manner in which this result is attained. The stars shown in both are the 
same, and in the field of view of the telescope is seen the new body, which, 
absent from the map, by its successive positions indicates the presence of a 
body belonging to our solar system. 

It is scarcely necessary to add after this that these researches are not 
only laborious, but demand the greatest patience and watchfulness. 
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XVI. 
JUPITER. 


Distance of Jupiter from the Earth and Sun—Real and apparent Dimensions— 
Movement of Rotation; Days and Nighte—Years and Seasons—Dark and Light 
Belts on tke Disk; Atmosphere—Satellites, their Movements and Distances— 
Eclipses of the Satellites—Their real Dimensions. 

From that region of space where we have just seen the smallest members 

of our system circulating in their orbits, we pass without transition to the 

largest planet—the colossal Jupiter. 

To the naked eye, Jupiter appears as a star of the first magnitude, the 
brightness of which, variable with its distance from the Earth, is some- 
times, when the Moon is absent, sufficient to throw a shadow. Its light is 

onstant, and scintillates but rarely. But if, to examine it, a rather power- 
ful telescope is used, the point expands into a well-defined disk, and is 
generally seen to be accompanied by three or four little points of light, 
which oscillate in short periods of time round the central planet : these are 
the satellites of Jupiter. 

Venus, Mercury, and Mars, as we have seen, are without satellites ; the 
Earth has only one. Jupiter, with its four moons, which the powerful 
attraction of its bulk compels to revolve round him, exhibits to us there- 
fore a small system analogous to the solar one of which it forms part and 
which it reproduces on a smaller scale. 

To arrive in our journey from the Sun, as far as the Jovian system, 
We must pass over a distance which exceeds five times the mean distance 
of the Sun from the Earth, or, in the mean, 475,692,000 miles. But the 
orbit described by Jupiter round the Sun differs from the circular form 
more than does the Earth’s. Its distance, therefore, is more variable, and 
while at perihelion it reaches 452,745,000 miles, at its greatest distance it 
is not less than 418,639,000 miles from the Sun, the difference being there- 
fore 46,000,000 miles. : 

Jupiter therefore, as seen from the Sun, presents an apparent diameter 
sometimes greater, sometimes less, than its mean one; and of course the 
same phenomenon is seen by observers situated on the Earth, but in a 
much greater proportion. Fig. 87 will give an idea of the variations of 
size which the disk of Jupiter, at the times of its mean and extreme dis- 
tances from the Earth, presents to us. 

The reason of this difference between the apparent diameters of the 
disk is easily explained. The orbit of Jupiter, like that of Mars, encircles 
the terrestrial one, and the motions of the two bodies in their respective 
orbits bring them, once in every 13 months, in the same straight line with 
the Sun, and on the same side of it; Jupiter is then in opposition, and its 
distance from the Earth is measured by the difference of the distances of 
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the two bodies from the Sun. In a similar period the two planets are still 
in a straight line with regard to the Sun, but on opposite sides of it. This 
is the conjunction of Jupiter, and the distance of the two planets is found 
by adding their respective distances from the Sun. These distances them- 
selves are sometimes smaller and sometimes greater than at others, and 
therefore the same thing happens with regard to those which separate the 
Earth from Jupiter at the time of opposition and conjunction. 

At its greatest distance from the Earth, Jupiter is 567,000,000 miles 
from us; at opposition it may be within 862,000,000 miles; but in the 
mean, the distance of Jupiter at conjunction with the Sun is 567,000,000 
miles, and at opposition 384,000,0UU miles, the difference being the dia- 
meter of the Earth’s orbit. 

From the preceding numbers we may perceive the immense develo}. 





Fig. sv. Apparent dimensions of Jupiter at its mean and extreme distuuces 
trum the Kurth 


ment of the orbit described by this member of our planetary system. Thus. 
to traverse this path, it requires 12 years. This gives a mean rate of 
upwards of 680,000 miles a-day, or nearly 29,000 miles an hour. 

The movements with which we are acquainted on the Earth can give 
us no idea of such a mass travelling eternally through the depths of space 
with a velocity 77 times greater than that of a cannon-ball. 

We look upon the volume of the Earth as immense when we compare 
it to the objects which we are in the habit of seeing about us; but how 
much more stupendous is the size of Jupiter, which is 1283 times larger 
than our globe! This value has been deduced from the real diameter of 
the planet, which has in turn been deduced from its apparent size and real 
distance. 

Fig. 88 gives an idea of the comparative dimensions of the Earth and 
the planet which we are about to describe. The diameter of Jupiter is 
nearly 11 times greater than that of the Earth, being 85,000 miles. Seen 
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at the distance of the Moon, this immense globe would appear to us with 
a diameter 33 times larger than that of our satellite, and its disk would 
embrace, on the celestial vault, 1UVO times the space that the full moon 
occupies. 

‘The form of the globe of Jupiter is not that of a perfect sphere: it is 
an ellipsoid, flattened, like the Earth, at the poles of rotation. But whilst 
the polar compression of the terrestrial spheroid is but about +} ,,th, that 
of the globe of this immense planet is ,.th, so that there is between the 
polar diameter— the smallest, and the equatorial diameter, a difference of 
oUO0O mies, which gives for the flattening of each pole 2500 miles. 

This elliptical form is very perceptible in the telescope ; it is perceived 
at once without any measurement. The drawings which accompany our 
description convey a gvod idea of this flattened form. 

If it be true, as physical experiments and geological facts tend to show, 
that the planets are bodies the primitive state of which was fluid, the ellip- 
tical form of their meridians is but a consequence of their rotation. The 
flattening of a sphere, therefore, gives rise to the idea of its rotation round 
an axis which passes through its centre. 





Fig. §S.—Comparative dimensions of Jupiter and the Earth. 


Venus, the Earth, Mars, have movements of rotation —is it the same 
with Jupiter? It is, and the velocity of its movement, taken in connexion 
with its small density, explains at once the extent of the flattening to which 
we refer, which has ‘been carefully measured. 

Very early * observations of the planet demonstrated the rotatory move- 


* Cassini, in 1665, first measured the time in which this rotation is accom- 
plished. After him we must mention Sir W. Herschel, Airy, Beer and Madler. 
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Jupiter. This was accomplished by observing the movement of 
the spots on its surface. We give two views of the planet, after Beer and 
Midler, at an interval of 37 minutes 15 seconds, which clearly show the 
apparent displacement of the two dark spots produced by this movement. 

This immense globe revolves on itself in about 10 hours (9 hours, 55 
Minutes, 26 seconds). A point situated on the equator of Jupiter travels, 
therefore, by virtue of this movement, eight miles a second, or 27 times as 
rapidly as one situated on our equator. 





Fig. 89.—Rotation of Jupiter. Apparent displacement of two spots in 37 minutes 15 seconds. 


The rotation of Jupiter of course produces the phenomena of day and 
night on the planet. But, as the axis of rotation is nearly at right angles 
to the plane of the orbit,* there is but little difference in their length, the 
maximum of which is five hours, for the greater portion of the surface, 
throughout the length of the planet’s long vear. Two very narrow zones, 
situated at the two poles, comprise those regions of the planet where the 
day and night exceed the time of rotation. At the poles themselves, the 
Sun is visible for nearly six years, and remains set afterwards for a like 
period. : 

The seasons are also very slightly varied oh Jupiter; at least at any 
given place. Summer reigns during the whole year in the zones nearest 
to the equator, whilst the temperate regions rejoice in a perpetual spring, 
those which surround the poles being subject to a continual winter. 
Nothing is known as to the real climatic or meteorological conditions of 
these seasons. At Jupiter's distance from the Sun, the light and heat of 
that radiant body only possess but a small fraction of their intensity at 
the distance of the Earth ; but this diminution, consequent upon the increas- 
ing distance, may be compensated by physical conditions, such as a greater 
density of the atmosphere, a higher calorific or luminous capacity of the 


* The angle of inclination is about 87°. 
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matters composing the soil. Does the globe of Jupiter still possess an 
‘uternal heat considerable enough to raise the temperature of the crust to 
en extent sufficient to make up for the relative feebleness of the solar 
heat? These are questions on which science is still silent. 

Jupiter's year is, as we have said, equal to about twelve of onrs: to 
he exact, the length of his year is 42325"; days, or 11 years, 10 months, 
14 days, 19 hours. It follows, therefore, that, measured in sidereal days 
of the planet, the year of Jupiter comprises 10,478 rotations, or 10,477 
Jovian sidereal days. I*rom these numbers, it is easily found that between 
the sidereal and solar day of Jupiter there is scarcely three seconds 
difference — that is, three of our seconds. 

Seen from the Earth, Jupiter does not present perceptible phases ; its 
great distance, and the fact that its orbit is so far removed from our own 





Fig. 90.~—Inclination of the axis of Jupiter to the plane of its orbit. 


and away from the Sun, render a reason fur this, which of course does not 
in any way affect what we have said concerning the planet's days and 
nights. We possess decisive proofs that the planet does not shine by its 
own light: and we may remember that Mars, at a less distance from the 
Earth and Sun, presents only small indicatious of phases. 

We must now look upon the planet from a physical point of view. 
What we know of the planet’s physical constitution has been derived 
from observations of the belts or patches of different shades which 
girdle the planet in a direction parallel to its equator. The drawings we 
have already given indicate these appearances, but to give our readers the 
best idea possible, we reproduce, in Plate XI, a magnificent drawing by 
Mr. De La Rue. 

Broad greyish belts stretch across the disk, north and south of the 
equator, and between these a brighter [often rose-coloured] space marks 
the equatorial regions. On either side of the principal belts approaching 
the polar regions, other narrower bands are seen, sometimes dark, some- 


The variability of position of the irregular spots indicates a proper 
motion ; according to Beer and Midler, the rapidity of their displacement 
is about 100 miles a-day,—the velocity of a light wind on our Earth. 
We have, therefore, no reason for supposing the existence of violent 
tempests and hurricanes, which were at first Imagined. We may hold, 
on the contrary, that the Jovian meteorological phenomena are produced 
very calmly. The long year of the planet, the slight and gradual 
variations of its seasons, the no doubt considerable density of its atmo- 
sphere, the force of gravity at its surface, are so many facts which tend to 
produce a great atmospheric stability.* 

The mass of Jupiter equals 301 times that of our globe, whilst its 
volume, as we have seen, exceeds the Earth's nearly 1233 times. This 
gives, for the matter of which it is formed, a mean density less than a 
quarter of the terrestrial density. It is a third more than that of water ; 
it is easy to conjecture that the strata forming the surface have, at most, 
the density of water. Is the surface of Jupiter, then, in a liquid state? 
Here observations fail us. 

Four luminous points—four small stars—unceasingly accompany 
Jupiter in its twelve-yearly revoluticn. ‘They are easily observed with 
small telescopes. 


* [During the autumn and winter of 1869-70, Mr. Browning, F.R.A.S., noticed a 
very remarkable change in the culour of the equatorial belt, which, in place of being, 
as usual, nearly a pure white. passed through many tints of yellow and yellowish-red. 
Other observers subsequently noticed the same peculiarity.—N. A. P.] 


JUPITER. 


Virst satellite (Io). . . . 1 day, 18 hours, 28 minutes 
Second ,, (Europa. 2. 38 4 DB, 43 gg 
Vhird ,, (Ganymede) 2 7 4 3 43, 


é 
Fourth ,, (Callisto) 2 2 16 4, VW 4 82 oy 





In comparing these times with that of the revolution of the Moon, it is 
seen that the movements of the satellites of Jupiter are much more rapid 
than that of our Moon. ‘This rapidity is the more marked, as their dis- 
tances from the planet, and therefore the lengths of their orbits, are more 
considerable than in the case of onr satellite. Measured from the centre 
of the planet, the mean distances of these satellites are, of To, 6°05 radii 
of Jupiter; of Europa, 9°62 radii of Jupiter; of Ganymede, 15°39 radii 
of Jupiter; and of Callisto, 26°00 radii of Jupiter. These distances are, 
of course, the radii of their orbits. 

The orbits of the two first satellites are nearly circular; those of the 
other two are more clongated. But on the scale on which figure 2 
presents the aystem of Jupiter to us, these clongations are imperceptible. 

The total space occupied by this interesting system mcasures nearly 
2,300,000 of miles in diameter. 


The study of the cther phenomena observable in the Jovian system 
presents great interest. Among these phenonena, we must especially 
mention eclipses. 

Jupiter, like all celestial Lodiex not self-luminous, casts into epace, in 
the direction oppwsite to the Sun, a ccne of shade, the axis of which is 
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always situated in the plane of the orbit, and the length of which is pro- 
portionate to the dimensions of the planet and its distance from the Sun. 
Now, the three first satellites revelve round Jupiter in planes but little 
inclined to the planet’s orbit, xo that at each revolution they pass through 
the cone of shade; thereby causing, to themselves an eclipse of the Sun, 
and to Jupiter an eclipse of its satellites. From the Earth, we can 
distinetly see the disappearance, or (mmersion, of the satellites in the 
planet’s shadow, as also their reappearances, or emersions. 

The fourth satellite also undergoes eclipse, but, on account of the much 





se 


ae 


Fig. $2.—The Jovian system. Orlats of the Satellites, 


wreater inclination of the plane of its orbit, these eclipses are less frequent, 
sometimes it grazes, as it were, the limit of the cone of shade, and the 
small loss of light which the satellite undergoes shows us that it is but 
partially eclipsed. 

The nights of Jupiter, then, are illuminated Ly four moons, which are 
to be seen, sometimes singly, sometimes together, above the horizon; and 
which may present at the same time all the varying phases of our single 
satellite. ‘Iche nearest appears to the inhabitants of the planet with 
dimensions nearly equal tu those of the Moon seen from the Earth. It is 
always eclipsed when full, that is, abont every 42 hours, or four of 
Jupiter's days. 

The second and third satellites in the order of distance, seen from 
Jupiter, appear of equal apparent diameter—a little more than half of 
that of our Moon: their eclipses take place, fur the second, every 85 hours, 
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— 8} of Jupiter's days; and, for the third, at successive intervals of 17] 
hours, or 174 of the planet's days. 

Jupiter's moons, at each of their revolutions, pass also between the 
planet and the Sun. At the time of each new moun, then, as their dis- 
tances are such that the cone of shade which they throw behind them 
reaches the surface of Jupiter, they give rise, on the regions they pass over, 


to eclipses of the Sun, either partial or tutal. These phenomena are also 
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Fig. 43.~—Eclipses and passages of the Satellites of Jupiter, seen from the Eusth. 


visible from the Earth, and Plate XI represents Jupiter at the moment 
when the shadow of a satellite appears on the disk in the forin of a small 
black dot, whilst the satellite itself is seen, a small bright circle, on the 
greyish belts of the planet. The three fir-t satellites are never subject to 
simultaneous eclipses; this follows from a law of their motions and relative 
distances, discovered by Iaplace. 

This consequence is only applicable to eclipses properly so called, that 
is to say, to the passages of the satellites through the cone of the planet's 


shadow. But to an observer placed on the Earth, a satellite may dis- 
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appear without undergving an eclipse; it may pass behind the disk of the 
planet and be occulted. 

Lastly, as mentioned above, it may happen that during the disappear- 
ance of the three satellites, the fourth is between the Earth and the planet. 
Then the planct equally appears solitary and deprived of its companions. 

Figure 93 will render clear the various positions which the satellite 
may occupy with reference to the Earth. One of them in this figure is 
represented eclipsed, the other is seen projected on the disk, on which also 
its shadow is thrown; a third is hidden by the planet, and the fourth is 
entirely visible. 

We have seen what are the apparent dimensions of the four satellites, 
as secn from Jupiter, compared tu the apparent size of our Moon. But 
We must not confound the apparent with the real diameters. It follows, 





Fig. 94.—Dimensions of the Satellites of Jupiter compare. with those of the Earth 
and the Muon, 


from the measures made by astronomers, that the diameter of the first 
satellite 1s 2352 miles; of the second, 2099; of the third, 3436 ; and of 
the fourth, 2929 miles. So the third and fourth in the order of distance are 
the first and second in order of magnitude; one only is less than our 
Moon; taken together, they would form a body 9 times larger than it, 
or about one-fifth of the volume of the Earth. 

The volume of the largest exceeds by two-thirds the volume of the 
planet Mercury. Here, then, we have a secondary body larger than a 
primary one of the first order, and far surpassing in size those which 
circulate between Mars and Jupiter. To these elements add :— 





Sat. | Mars, that of Jupiter being. 1. ; Density Earth's as] Density Wator as 1 | 





I, 0:000017328 0-198 1-148 


II. 0 000023235 O-37T4 2-167 
ITT. 0-000088197 0°325 1 883 


IV. (000042650 | 0-258 1-408 





SATURN. 20T 


od 


Sir W. Herschel studied with great care the variations of brightness 
of each satellite, and found that they occurred in each period of revolution. 
He hence imagined that this variability was owing to the nature of the 
faces which each of these bodies successively presents to the Earth. It 
follows from these observations that, as in the case of the Moon, the same 
face is always turned towards the primary; this of course would render 
the times of rotation and revolution equal. The disks of the third and 
fourth satellites present spots which are represented in the preceding 
drawing (fig. 94). 

There is another point. These movns can be distinguished not only 
by their dimensions and the brightness of their light, but also by their 
colour. According to Beer and Midler, the first and second satellites 
have a bluish tint, especially when compared with the third. the light of 
which is yellow. Some difference in colour is certain, although contrast 
may go for something. The light of the fourth satellite is bluish,* like 
that of the first two. 

[Bringing our Mars observations to bear, we might almost be justified 
in supposing these varying colours to be caused by different distributions 
of land and water. | 

The united masses of Jupiter and its four satellites are the +,'3th 
part of the mass of the Sun; that of Jupiter alone is 6000 times the mass 
of its satellites, or, as we have said, 30S times the mass of our Earth. 
Lastly, Jupiter exceeds in mass all the other bodies of the Solar System, 
the Sun excepted, by 24 times. 


AVII. | 
SATURN. 


Its Exceptional Physical Constitution— Distance of Saturn from the Sun and from 
the Earth — Apparent and real Dimensions— Movement of Rotation and Polar 
Compression— Days, Nights, and Seasons—Rings; Movement of ltotation — 
Satellites— Celestial Phenomena to an Inhabitant of the l’lanet. 

Ir Jupiter be the largest planet of the Solar System, Saturn is by far the 

most gorgeously attended among the secondary systems of which that 

system itself is composed. 

Not by four only, but by even eight satellites, is the central planet 
encircled ; and if these eight moons in their revolution do not give rise to 
eclipses as frequently as do those of Jupiter, the inhabitants of Saturn 
possess a much stranger spectacle, one, as far as we know, unique in the 
planetary system: we allude to the wondrous ring system which surrounds 
the planet at some distance from its equator and revolves eternally round 


* [The light of the fourt’: satellite is reddish, decidelly.—W. R. D.] 
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it. Thus, then, we see that the further we go in our exploration of the 
Solar System, the more have we to admire the wonderful variety in the 
constitution of the bodies which people it. Now we have to deal with 
isolated planets, such as Mercury, Venus, and Mars; now, with such a 
group of celestial pigmies as the telescopic planets; and, again, with 
matter more finely divided still, like the Zodiacal light. and the shooting 
stars. ‘I'hen we find the Earth accompanied by a single Moon in its 
annual revolution round the common focus; and, lastly, the group of large 
planets, which are not only distinguished by their enormous dimensions. 
but by the number of secondary bodies maintained in their sphere of 
attraction, which with their primaries form real systems in miniature. 

Up to this point, however, whatever may have been the variety of the 
elements of each planet, there has been a common point of resemblance— 
the form of each has been a regular spheroid. Nor have the revelations of 
the telescope taught us that the planets which we have already described 
are surrounded with anything save the satellites we have described. 

[The first peep at Saturn, however, infinitely extends our mental 
horizon; besides eight satellites, it is surronnded by a system of rings, 
some shining with a golden light, others transparent; and it may 
possibly be, that the Zodiacal light, and the meteoric and asteroidal rings, 
may be to the Sun what Saturn’s rings are to Saturn—an innumerable 
company of satellites, as the sands on all shores for multitude. | 

Before, however, describing the rings of Saturn in detail, as they de- 
serve, we must chronicle the principal astronomical data of the planet itself. 

The mean distance of Saturn from the Sun exceeds ‘5 times that of 
the Earth, a distance expressed by the enormous number of 872,157,000 
miles,—not far from double the distance of Jupiter. Seen from such a 
distance, the solar disk is reduced to the hundredth of its apparent size tu 
us; and it is in this proportion that the intensity of the light and heat is 
reduced, unless there be some compensating power in its atmosphere. 

The orbit of Saturn is not circular; it has, like that of the other planets. 
the form of an ellipse, of which the Sun does not oceupy the centre, but 
the focus. The planet is therefore sometimes nearer to, and sometimes 
more distant from, the radiant body. At its perihelion and aphelion 
respectively, these distances are 823,801,000 and 920,973,000 miles. 
There is, therefore, between the extreme distances a difference of nearly 
97,700,000 miles. From these numbers it is easy to deduce the length 
of the path described by Saturn in his long year of 10,760 of our days, or 
20 years 167 days. Saturn travels along this orbit with a mean velocity 
of 500,000 miles a-day, or 21,000 miles an hour.* 

If Saturn, by reason of the elliptical form of its orbit, approaches 


* If this velocity be compared with those that we have given for the planets lying 
between the Sun and Saturn, we shall seethat the movement of the planets in their 
orbits is slower as the distance increases. Tuis is a direct consequ:2nce of a law of 
Kepler's, of which more anon. 
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more or less to the focus of the solar system, it is easy to understand that 
its distances from the Earth must vary still more, according to the relative 
positions of the two planets and the Sun. It is at opposition that they are 
nearest ; at conjunction, on the contrary, their distance is much more consi- 
derable. T’hese two periods occur at intervals of 378 days, or a little more 
than a year. But the maximum or minimum distances themselves vary, 
from one period to another, because each of the two planets, according to 
the point of its orbit which it occupies, is itself more or less removed from 
the Sun. The distance of Saturn from the Earth may vary between 
1,002,000,000 and 732,000,000 miles. This difference of 270,000,000 
miles produces, as may be imagined, a corresponding variation in the 
apparent dimensions of the planet: fig. 95 shows between what limits that 
variation lies. 
=~ Nevertheless, as seen from the Earth, Saturn always appears under the 
aspect of a star of the first magnitude, which our best telescopes present 
to us under the form of a spheroidal globe, surrounded, as we have seen, 
with a ring brighter than itself. 

Let xs continue to consider but the nucleus of this singular system 





Fig. 95.—Apparent dimensions of Saturn at its extreme and mean distances from the Earth, 
showing also the different uppcarances presented by its ring-system. 
Its distance being known, it is easy to deduce its real dimensions: these 
show Saturn to be the second of the principal planets, as far as its size is 
concerned. 

The mean diameter of Saturn is about 70,100 miles. As it turns 
rapidly on one of its diameters, it.is much flattened at the poles of 
rotation, so that it is necessary, in giving its dimensions, to distinguish 
between the axis, or polar diameter, and that of its equator. While 
the latter measures 73,600 miles, the former only measures 66,600 miles. 
The difference of 7000 miles represents a flattening of ;',th, that of the 
Earth being 535, or 26 miles. 

To make a tour of this immense globe, taking the shortest way, its 
inhabitants would have to travel about 200,000 miles passing through the 
poles, or 220,000 along the equator. 

These distances are less than on Jupiter, but they are more than nine 
times greater than those of our globe. These dimensions give a volume 
nearly 700 times greater than that of our Earth. 

But the mass of this enormous sphervid is far from being comparable 
with its volume —at least, if we compare this with that of the Earth: it 

P 
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is a little less than 90 times greater* (89°692). This indicates, on 
the supposition that it is equally dense throughout, that it is composed 
of matter seven times lighter than the materials of our Earth, and conse- 
quently less dense than water; [in fact, about the density of oak cr 
sulphuric ether. | 

The rotatory movement of Saturn has been determined by observations 
of the dark bands which cross the disk in a direction parallel to its 
equator ; the inequalities of these bands, by their periodical return, have 
enabled astronomers to calculate the time of rotation, which is 10 hours, 
29 minutes, 17 seconds. 

Here, then, we find one or the largest planets with a perio] of rotation 





Fig. 96.—Saturn and the Earth; Comparative dimensions. 


less than half those of Mercury, Venus, Mars, or the Earth. Day and 
night succeed each other on the average at intervals of five hours, but the 
Jength of the year, which compriees 24,31 complete rotations, or 24,630 
solar days of Saturn, causes the seasons to modify the lengths of day and 
night but very slowly. 

As to the seasons themselves, they are much more varied than on 
Jupiter, since, owing to the considerable inclination of the axis to the 
plane of the orbit,} Saturn presents to the Sun sometimes one, and some- 
times another, of its poles of rotation. For the same place on its surface, 


That is, the gugth part of the mass of the Sun. 
+ |'This inclination is 63° 10’ 32”, according to Proctor.] 
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the altitude of the Sun above the horizon is still more variable than on the 
Earth ; but if we wish to form an idea of the change of temperature due 
to this cause, it is important to remark that the altittde of w hich we speak 
varies thirty times less rapidly than with us. Each of Saturn's seasons 
lasts more than seven of our vears, and there is nearly fifteen years’ inter- 
val between the autumn and spring equinoxes, and between the stimmer 
and winter solsticcs. 

But we should have but an incomplete idea of the phenomena 
presented by the days, nights, and seasons of Saturn, if we did not take 
into account the modifications produced in these elements by the existence 
of the annular appendages by which this magnificent planct is surrounded, 
and by the presence on the horizon of the eight satellites which escort it 
in its long revolution of thirty years. The drawings given in Plate XII 
show Saturn as it was observed, at an interval of nearly three years, in 
two points of its orbit, distant cnongh to modify perceptibly its position 
relatively to the Earth and the Sun: all the details of the disk and of the 
rings perceived by the most powerful instruments are faithfull:; reproduced. 

At. the time of the discovery of this strange system, telescopes had just 
been invented. The imperfections of these instrnments threw Galileo, says 
Arago, ‘into great perplexity. A letter to the Grand Duke of Tuscany 
informs us that Saturn seemed to him tricorps. ‘When 1 observe Saturn,’ 
he remarks, ‘ with a glass of a power of more than thirty times, the central 
body seems the largest ; the two others, situated one on the enst, the other 
on the west, aud on a line which does not coincide with the direction of 
the zodiac, seem to touch it. They are like two supporters, who help old 
Saturn on his way, and always remain at his side. With a glass of smaller 
magnifying power, the planet appears elongated and of the form of an 
olive.’ 

Saturn subsequently appeared to the illustrious astronomer perfectly 
round. He regarded his preceding observations as optical illusions, and 
in his cisappointment exclaimed, ‘Can it be possible some demon has 
mocked me?’ This is the first record we have of the disappearance of 
the rings, of which more presently. Huyghens subsequently observed 
these appendages of Saturn, and he first gave the explanation which the 
theory of the planet’s motion and the employment of more powerful instru- 
ments have definitely confirmed. 

[Most encouraging is the chapter of the history of Mudern Astronomy 
which tells us how eye and mind have bridged over the tremendous gap 
which separates us from the planet. We have seen by degrees a ring 
evolved out of the triform planet, and the great division in the ring and 
the irregularities on it, brought to light. Enceladus and coy Mimas, 
faintest of twinklers, are caught by Herschel’s giant mirrors, and he, too, 
first among men, realizes the wonderful tenuity of the ring along which he 
saw those satellites travelling, ‘like pearls strung on a silver thread.’ 
Then Bond comes on the field, and furnishes evidence to show that we 
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must multiply the number of separate rings we know not how many fold. 
And here we reach the golden age of Saturnian discovery, when Bond, 
with the giant refractor of Cambridge, U.S., and Dawes, with his eagle 
gaze and 64-inches Munich glass, first beheld that wonderful dark semi- 
transparent ring which still remains one of the wonders of our system. 
But the end is not yet; ere summer on the southern surface of the ring 
fades into autumn, Otto Struve in turn comes upon the field, detects, as 
Dawes had previously done, a division even in the dark ring, and measures 
it while it is invisible to Lassell’s mirror—a proof, if one were needed, of 
the enormous superiority possessed by refractors in such inquiries. Then 
we approach 1861, when the ring--plane again passes through the Earth, 
and Otto Struve and Wray observe those curious nebulous appearances, of 
which more anon. | 

We know, indeed, now, that surrounding Saturn, and nearly in the 
plane of its equator, is extended a system of rings, which may be broadly 
divided into three, of unequal breadths: of these the thickness is relatively 
very small, The exterior ring, the one farthest from the planet, is separated 
from the intermediate one by a very distinct break, whilst the interior ring, 
that nearest to Saturn, seems joined on to the second. Their brightnesses 
are very different: the intermediate ring, the most brilliant of the three, is 
more luminous than the globe of Saturn; the exterior ring is of a greyish 
tint, nearly of the same shade as the dark bands of the disk. Both of 
these are opaque, and throw on Saturn a very distinct shadow. ‘The 
interior ring, on the contrary, is dusky, and almost of a purple tinge, and 
transparent; it stands out on the globe of Saturn as a dark band, through 
which the luminous disk is readily seen, [and without distortion. | 

{Let us dwell for © moment on this transparent ring, the physical 
features of which are perhaps less remarkable than the fact that it was not 
discovered till 1850, and had been entirely overlooked, if it existed, till 
then, not only by all ordinary observers, but by Herschel’s great telescopes. 
When Bond and Dawes discovered it, it was by no means easy of observa- 
tion, but now it may be seen in a four-inch achromatic. Another 
remarkable fact is the probable increase in width since the time of its dis- 
covery, which we shall see subsequently to have an important bearing on 
one of the hypotheses suggested to account for the entire appendage. | 

In order that a clear idea may be obtained of the positions and breadths 
of the rings, we give in fig. 97 a v.ew of the system, such as would be 
obtained by an observer placed above the plane of the rings in the 
prolongation of the planet’s polar axis. 

The exterior diameter of the outer ring is 166,920 miles, and its inner 
diameter 147,670 miles; its breadth therefore is nearly 10,000 miles. 
These dimensions for the middle ring are respectively 144,300, 109,100, 
and 17,600 miles. The distance which separates these two rings is nearly 
1700 miles. The dark ring joins the middle (or bright) ring. ‘The space 
between its interior edge and the surface of the planet is 9750 miles; ita 


BATURN. 215 


breadth therefore is nearly 8700 miles. The entire breadth of the ring 
system is 37,570 miles. Its thickness is probably much less than 100 miles. 

Can then, such a material system, whether solid or liquid, sustain itself, 
without point of contact or support, in a constant— or nearly constant— 
position with regard to the planet? And, if so, how do its different parts 
resist the ‘ pull’ which the attraction of Saturn exercises on each of them ? 
It would seem that this immense bridge ought by degrees to break up, and 





Vig (7.—Bid's-vye View of Saturn and its ring-system. 


then—catastrophe far beyond anything the face of heaven has vet presented 
to man’s eye—be precipitated in unutterable and headlong fall upon the 
surface of the planet. 

Laplace first considered this problem. He showed that its equilibrium 
could not be possible and stable, unless the section of the ring, of elliptical 
form, presented in several points inequalities of breadth or curvature. 
Observation has shown that these conditions exist, as the centre of gravity 
of the ring does not coincide with that of the planet, and slow oscillations 
in their relative positions take place. Moreover, he showed that there was 
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another essential condition—the ring ought to rotate in its plane with a 
velocity of little more than ten hours. Herschel imagined that he had 
also detected this rotation, which thus agreed with the result of calculation. 
His observations, made in 1790, gave a period of rotation of 10 hours, 
32 minutes. 

[Since this time, however, Laplace’s investigation has been shown to 
be insufficient, and Pierce and Maxwell have in turn demonstrated that the 
rings are not solid, and are not liquid; and their non-solidity appears to 
be shown, not only by the variable traces of divisions in the ring and the 
appearance—may we not almost say the birth ?—of the dark ring, but 
by the possible increase in the breadth of the ring-system. The least 
favourable measure of the width of the ring in Huyghens’ time gives about 
22,600 miles ; Herschel found it about 25,000. The most modern recorde«t 
measurements give 29,000; so that, if we accept these measurements, the 
present annual increase in the breadth of the ring is about 30 miles. ] 





ig. 98.—Suturn, Dec. 26, 1861, nt 18* 30, (Wray.) 
Luminous conendaee of the ring. The satellites ave also scen app wently on the ring. 


Of what, then, are the rings composed? It is now held by some 
that they are composed of Satellites, and Proctor has pointed out that on 
this hypothesis,— 

‘The temporary divisions and mottled stripes are easily explained. 
It is conceivable, for instance, that the streams of satellites forming the 
rings might be temporarily separated along arcs of greater or less length 
by narrow strips altogether clear of satellites, or in which satellites might 
be but sparsely distributed. Divisions of the former kind would appear 
as dark lines, while those of the latter kind would present precisely that 
mottled appearance seen in the dusky or ash-coloured stripes. The trans- 
parency of the dark inner ring is easily understood if we consider the 
satellites to be sparsely scattered throughout that formation. The fact 
that this ring has only become visible of late years no longer presents 
an insuperable difficulty, for it is readily conceivable that the satellites 
forming the dark ring have originally belonged to the inncr bright ring, 
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whenee collisions or disturbing attractions have but lately propelled or 
drawn them. The gradual spreading out of the rings is explicable when 
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he system is supposed to consist of satellites only connected by their 
mutual attractions ; while the thinness of the system is obviously a neces- 





Fig. 100,—Explanation of the Phases of Saturn’s rings. Periodical disappearances of the rings. 


sary consequence of such a formation, for the attraction of Saturn's bulging 
equatorial regions would compel each satellite to travel near the plane of 
Saturn’s equator.’* 


* Proctor's Suturn and its System, p. 118. This volume forms the most com- 
nlete monograph of the planet vet published. 
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The elliptical shading on the inner bright ring at the ends of the 
apparent longer axis of the dark ring, which is represented in our figures, 
and has been a sore puzzle to our observers, also finds a possible 
explanation :— 

‘We have only to imagine that the satellites are strewn more densely 
near the outer edges of the bright rings, and especially of the inner bright 
ring, and that this density of distribution gradually diminishes inwards. 
For instance, we may conclude that along the inner edge of the inner 
bright ring the satellites are so sparsely strewn, that, at the extremities of 
the apparent longer axis of that edge, the dark background of the sky 
becomes visible through the yaps between the satellites.’ 





Fig. 101.—Saturn, Nov. 22, 1848 (Bond), Luminens points visible near the period of 
the disappearance of the ring. 


Mr. Dawes attributes this shading to the overlapping of the dark ring, 
which may be thicker than the inner edge of the bright ring. 

Otto Struve and Wray also noticed, in 1861 and 1862, curious appen- 
dages, like clouds of a less intense light, lying on the ring, differing 
much in colour from the crdinary colour of the rings—not ‘yellow, but 
more of a livid colour, brown and blue. These appearances, on the hypo- 
thesis to which we refer, are supposed to be due to the satellites drawn 
out of the plane of the ring by the attraction of Saturn’s outer satellite. | 

In its movement round the Sun, the axis of Saturn, like that of the 
other planets, remains paraliel to itself. The axis of motion of the rings 
is also constant, and, as their inclination to the plane of the planet’s orbit 
18 considerable,* it follows that the Sun sometimes illuminates one of the 


* [This inclination of the Planet's orbit to the plane of the 
eclipticis . 2° 29’ 20” 


The inclination of the plane of the rings to the same plane i is . 28 10 22) 
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faces of the system, sometimes the other. In two diametrically opposed 
positions in Saturn’s orbit, the plane of the rings is directed to the Sun, 
and consequently their edge only receives its light. ‘This takes place at 
the epoch of Saturn’s equinoxes. 

What, then, are the appearances presented to us Earth-dwellers ? 
Evidently that the rings, by an effect of perspective easily gathered from 
fig. 100, appear sometimes more and sometimes less open; and that during 
one-half of the planet’s year, the part of the ring between us and the planet 
is apparently projected on the northern liemisphere; and during the other 
half the ‘dip’ is in an inverse direction, and the ring is seen to cover a 
part of the south hemisphere. At two particular periods the ring, being 


— 





Fig. 102.—Explanation ot the brilliaut points observed near the ey och of the disappearance 
of the uy. 
® 


only illuminated at the edge, disappears entirely, except in the most 
powerful instruments, which then show a light luminons line near the 
prolongation of Saturn’s equator. 

We give two drawings which represent Saturn in this particular 
position. The first (fig. 101) shows the planet as it was observed by 
Professor Bond, in November, 1848. The other (fig. 102), which we also 
owe to the same astronomer, gives the explanation of the luminous points 
recorded in fig. 101. 

[He supposes them due (as the Earth was not in the plane of the ring) to 
the light reflected from the edges of the different rings, which near the epoch 
of the passage of the ring-plane through the Sun, received the Sun’s light. ] 

Besides this cause for the disappearance of the rings, which is inde- 
pendent of the position of the Earth in its orbit, and depends only upon 
the passage of the plane of the rings through the Sun, there is another, 
which depends upon our Earth passing through the plene of the ring. 
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An observer, situated on our globe, would then, equally, only eee the edge 
of the. ring; he could observe neither the upper nor lower surface, but 
merely, near the time of passage, the luminous points to which we have 

There is still another cause for the disappearance of the ring, and this 
occurs when the Earth is on one side of the plane of the rings and the 
Sun is on the other. At such times obviously, as the dark surface is 
turned towards us, we cannot see it. 

Such appears to us Saturn at its enormous distance from the Earth. 
We have said that it is the richest of the systems, or worlds in miniature, 
which surround the Sun. It is distinguished from all the others, not only 
by its wondrous rings, which bear witness, perhaps, of the method of 
formation of our planetary worlds, but in addition by eight satellites, the 
incessant revolution of which round the central globe adds to the variety 
of its celestial phenomena. 

We give below the names of the eight moons of Saturn, with their 
distances from the centre of the planet, and the time of their revolutions 
in terrestrial mean solar days :— 


Distance from Saturn’s Time of sidereal revolutiois. 
: centre in radii of Saturn. da hm =3s. 
Mimas ... . 98360 0 22 387 23 
Enceladus . . . 4312 ~ «ee Ll 8 BS FGF 
Tethys . . . . = 8°3389 » « © lL 21 1 26 
e ® e 2 
4 
ie 


— 


rf 


we 


Dione .. . . 6°839 WWe41 6) 
Rhea ~ + 6 © =©695F2 oo ae 12 25 11 
Titan . . 2. . 22145 © . 6 LH 22 41 25 
Hyperion . . . 28-000 a ae 7 #7 41 
Japetus . . . . 64°350 7 7 St 40 

The first four satellites are all nearer to Saturn than the Moon is to 
the Earth. Mimas is, more- 
over, but 79,000 miles from 
Saturn’s surface, and Dione 
about 200,000; Mimas’ dis- 
tance from the edge of the ring 
being but about 30,000 miles. 
On the other hand, Japetus 
is nearly ten times more distant 
from Saturn than we are from 
our satellite, so that the diameter 
of the Saturnian system mea- Fig. 103.—Saturn and irs satellites. 
sures nearly 4,300,000 miles. (Sir J. Herschel.) 

Figure 104 shows the system of the orbits of the satellites, supposing 
their planes coincident with the plane of Saturn’s orbit. These curves are 
not circular; but their excentricity is not accurately known, and the ellip- 
tical form would not be perceptible, on the small scale we have adopted. 

We see, by the times’ of revolution, that the movements of the 
satellites are extremely rapid; their phases, therefore, must vary rapidly 
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to the inhabitants of the planet. Mimas passes from new to full moon in 
less than twelve hours, a little more than Saturn's day. In one or two 
days, the four following moons present the same succession of appearances, 
Japetus alone accomplishes its entire revolution in a longer time than our 
lunar month. The two interior satellites and Hyperion are very difficult 
to observe, and require experienced observers, provided with the most 
powerful instruments. The remaining five satellites, however, are well 





Fig. 104.—Bird’s-eye Viow of the Orbits of Saturn’s sutellites. 


seen with careful watching in a five-foot achromatic. The diameter of 
Titan, the largest satellite, has been measured. It is about the sixteenth 
part of that of Saturn. It is, therefore, more than half the diameter of 
the Earth. Thus, as in the case of Jupiter's satellites, one of the secondary 
bodies of this marvellous system exceeds in size such planets as Mercury 
and Mars; its volume is about nine times that of our Moon. 

We have before referred to the days, nights, and seasons in this planet. 
It will be readily understood, by referring to what we have said of these 
matters in the case of the Earth, that similar variations must also take 
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place in this planet in a given place, in the course of the year, and at the 
same moment, in different latitudes. 

At the two poles, and throughout the polar zones, these variations 
attain their maximum. During fifteen of our years the Sun does not 
leave the north pole, and a night of the same length envelopes the south 
pole of Saturn ; the reverse phenomena occur during the fifteen following 
years. Doubtless, an intense cold is the consequence of this prolonged 
privation of the rays of light and heat. ‘To this long winter, and the ice 
and snow with which the polar regions are doubtless covered, may perhaps 
be attributed the whitish zone which has been remarked round the poles ; 
but at such a distance physical facts elude us, and we must rest content 
with hypothesis. 

The atmosphere of Saturn is doubtless very dense, especially near 
the equatorial regions ; the bright belts with which the disk is girdled are 
probably produced by the reflexion of light from immense cloud-masses, 
which the rapidity of the movement of rotation incessantly accumulates. 
The darker belts possibly, as we remarked in the case of Jupiter, indicate 
& more serene atmosphere. 

Let us imagine ourselves on the globe of the Saturn. Thence let us 
gaze on the appearances of the celestial vault during the day and night. 

If we start from either pole, in advancing as far as 63° of Saturnicentric 
latitude, we shall traverse those regions of the hemisphere where the ring 
is never visible; only the satellites appear above the horizon, and present 
to the spectator the varied aspect of their phases. 

Leaving this latitude, the ring-system begins to be visible. But it is 
only during the two seasons of spring and summer that the surface of the 
rings, turned towards the hemisphere where we we are placed, receives the 
rays of the Sun, and lights up, by reflexion, the planet's nights. During 
the day their arcs send forth but feeble light, analogous possibly to that 
reflected by our Moon when visible in broad day. 

The form and extent of the immense Juminous arches vary, moreover, 
according to the latitude; starting from 63°, and advancing towards the 
equator, they rise higher and higher above the horizon. We first see a 
part of the exterior ring, then the ring in its entirety. At the mean 
latitude of 45°, the two first rings are observed. In proportion as we de- 
scend towards the equatorial regions, the entire system becomes visible, but 
at the same time, the visual rays having a more oblique direction, the 
rings diminish in apparent breadth, continually, however, rising more and 
more.above the horizon. At the equator, they are only visible by their 
interior edge. This edge is then presented as an immense luminous band, 
stretched from east to west, passing through the zenith. 

To give an idea of the magnificent spectacle which the starry vault 
presents during the nights of the summer season, we have sketched, 
according to the laws of perspective, the appearance of the rings from a 
latitude comprised between 25° and 380°. These two ideal views represent 


SATURN. 293 


the ring at midnight, the one a little after the equinox, the other at the 
beginning of summer, towards the period of the solstice. 

In the first of these Saturnian landscapes (fiz. 105), the ring-system is 
seen forming an immense arch, interrupted by a large space at the summit. 
The sky is visible through the division, which separates the two principal 
rings, and it again appears below the arch. The interruption at the 
summit is produced by the shadow cast by Saturn, and is only distin- 
guished from the sky by the absence of stars. It is possible, however, 
that this eclipsed portion of the rings may be sometimes rendered visible 





Fig. 103.—The Rings seen from Saturn at a latitude of about 28° _Idenl View, at midnight 
towurds the pcriod of the Saturnian solstices. 


by the refraction of the solar rays by the atmosphere of the planet. The 
eclipsed band may take a coloured tint, analogous to the reddish colour of 
the Moon during total eclipses. 

The second ideal landscape (fig. 106) allows us to see the exterior ring 
in its entirety. At the solstices, the shadow of the planet is thrown enly 
on the interior rings. We must remark, also, that at the different hours of 
the night the position of the shadow is not the same. It only occupies 
the middle of the arc at midnight. It hence follows that after sunset 
the western part of the ring first appears; by degrees, as the night ad- 
vances, the western arc diminishes, and the other portions appear at the 
east; until, at midnight, the lengths of the two arcs are equal. From 
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midnight, the western portion still diminishes, and at last disappears, 
whilst the eastern arc increases in length. When we add to the strange 
beauty of this spectacle the presence of the satellites, presenting different 
phases, some full, others new, others gibbous, or crescent, an idea 
will be formed of the variety of aspects of the Saturnian night. [Compared 
with our Moon, however, the moons of Saturn give very little light. 
Even if all full together, they would give but one-sixteenth part of the 
light of our full moon.—R. A. P.]., 

During the winter seasons, the rings present their dark sides, and are 





Fig. 106.—The Rings seen from Saturn at a latitude of about 28°. Ideal View, taken at 
midnight, between the Saturuian equinoxes and the solstices. 


only visible during the night, negatively ; that is to say, by the absence 
of the stars on the celestial vault which they eclipse. Nevertheless, towards 
the morning and evening they may possibly reflect the light they receive 
from the illuminated part of the planet; at the east and west they show 
doubtless a slight glimmer, similar to the Earth-shine of our Moon, or, 
again, to the Zodiacal light. 

But if the winter nights are deprived of the light of the rings, the days 
of the same seasons present, on the other hand, the most curious phenomena. 
As, by reason of the diurnal rotation, the Sun moves apparently along 
circular arcs, sometimes more, sometimes less elevated above the horizon, 
the god of day, being compelled thus to pass behind the rings, undergoes 
long and frequent eclipses. The duration of these phenomena is shorter 
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than was at first supposed, because, as the apparent path of the Sun is not 
parallel to the ares of the rings, he, though eclipsed at rising, reappears 
under the ring, to again disappear before sunset. 

[Mr. Proctor, in the book from which we have already quoted, remarks 





Fig. 107.—Ideal view of a phase of Saturn. 


that in latitude 40° we have morning and evening eclipses for more than 
a year, gradually extending until the Sun is eclipsed during the whole 
day, and these total eclipses continue for nearly 7 years, eclipses of one 
kind or another, taking place for 8 years 292°8 days. ‘If we remember,’ 
he adds, ‘that latitude 40° on Saturn corresponds with the latitude of 
Madrid on our Earth, it will be seen how largely the rings must influence 
the conditions of habitability of Saturn’s globe, considered with reference 
to the wants of beings constituted like the inhabitants of our Earth.’] 

Nearer the equator and poles solar eclipses are still very frequent, but 
the period of time during which they last is gradually reduced. Judging 
of the loss of light by the intensity of the shade thrown on the planet, the 
apparent night produced by these eclipses is doubtless very decided, 
although atmospheric refraction would prevent them from being absolute. 
If we could watch the various celestial phenomena from the rings, the 
appearance of the sky would be very different : if we supposed ourselves 
located over the edge of the ring, we should have a long night of fifteen 
years succeeding a day of the same length. 


Q 
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During the period of illumination of each side of the rings, the Sun is 
eclipsed every 10} hours. These eclipses, due to the interposition of 
Saturn’s disk, produce partial nights, the duration of which varies between 
14 and 2 hours over a large surface of the ring. These are the phenomena 
which caused the interruption of the luminous are seen from Saturn, as 
represented in two different epochs in our two ideal views 

But for nearly fifteen years each side of the rings is entirely deprived 
of the light of the Sun. This long night is partly compensated by the 
light reflected by the illuminated hemisphere of the planet, or at least by 
the part of that hemisphere visible from the ring. During every period of 
104 hours the immense globe appears under various phases. It is first a 
luminous point, which rises from the horizon, taking more and more the 
form of a half crescent (fig. 107), but much less curved than that of the 
Moon. After 5} hours it is nearly a half circle, which embraces the 
eighth part of the whole celestial vault, the surface of this half circle is 
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Wig. 108.—The globe of Saturn, seen from the ring. 


nearly 20,000 times that of the lunar disk (fig. 108). On this disk 
is perceived a dark zone, divided by a bright line: it is the shadow 
projected by the ring on the planet. Bright and dark belts, and, doubtless, 
many other physical details that we cannot see at our enormous distance 
from Saturn, distinguish the various parts of this immense disk. 

The more we leave the inner ring, the more does the visible portion of 
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the planet increase; but its apparent dimensions diminish, on the other 
hand, with the distance always however remaining considerable. Figs, 
107 and 108 will give an idea of the aspect of Saturn seen from a point 
on the middle ring at an interval of about 3 hours.* 

It remains for us to point out, in terminating our review of Saturn’s 
phenomena, and of the celestial phenomena presented to the Saturnians, 
the numerous eclipses produced by the eight satellites, both when they 
pass over the solar disk and when they themselves plunge into the shadow 
thrown by the planet. These phenomena can be watched from the Earth 
in powerful instruments. The last occasion took place in 1862, when 
Mr. Dawes and Mr. Lockyer were enabled to observe the shadow of Titan 
traversing the planet’s disk, the satellite itself on one occasion grazing the 
planet’s lower limb. [Mr. Dawes also witnessed an eclipse of Titan——‘a 
unique observation,’ he remarks. | 


XVIII. 
URANUS. 


Discovery of Uranus in the last Contury—_Form and Dimensions of its Orbit—Its 
upparent and real Dimensions — 11s Satellites; Inclinations of their Orbits, and 
Directions of their Movements. 

Tue Solar System, as known to the ancients, comprised all those celestial 
bodies the movements and physical constitution of which we have just 
studied, with the exception of the telescopic planets and the satellites of 
Saturn and Jupiter. A century ago the number of the planets femained 
the same as for ages past, and the confines of the system did not extend 
beyond Saturn. It was reserved for one of the most illustrious observers 
of modern times, Sir William Herschel, to double the radius of the sphere 
which embraces the bodies subject to the attraction of the Sun, by the 
discovery of a new planet— Uranus. 

It was on the 13th of March, 1781, between ten and eleven o'clock at 
night, that Herschel, employed in exploring with his telescope the con- 
stellation of the Twins, observed a star the disk of which attracted his 
attention. Perceiving, after a few nights of observation, that the new 
body moved, he first took it for a comet. His observations, when sub- 
mitted to calculation, soon showed that he had discovered a body which 
was at such a great distance from the Sun, and the orbit of which was so 
circular, that it was impossible long to hesitate as to its real character: it 
was a planet. 

* [In these two ideal views, as in the two preceding ones, M. Guillemin has been 
compelled, naturally enough, to appeal in his foregrounds, to our terrestrial pre- 


judices. Of course, the rights of the different hypotheses referred to in the text are 
‘strictly reserved.’] 
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Uranus, usually—but this depends upon its distance from the Earth— 
shines as a star of the sixth magnitude. It is therefore sometimes visible 
to the naked eye. This insignificant size and brightness, however, are 
merely relative, and are caused by the immense distance of the planet from 
the Sun, and therefore from the Earth, and also by the feeble intensity of 
the light received from the first-named body. But if it be examined with 
a telescope of high magnifying power, the circular form of its disk appears 
with clearness, and its apparent diameter may be measured. 

The orbit described by Uranus round the Sun surrounds the orbit of 
the Earth at so great a distance, that it is impossible to perceive on its 
disk any appearance of phases. It has the appearance of always turning 
its bright side towards us. 

The orbit is not a perfect circle, but, like those of the other planets, is 
elliptical; so that, during the whole course of its revolution, which lasts about 
84 years—more exactly, 30,686 ;4, days—the distance of Uranus from the 
Sun constantly varies between 1,672,200,000 and 1,835,560,000 miles : 
there is thus a difference of more than 163,000,000 miles. The mean 
distance amounts to 1,753,869,000 miles, 

Its distance from the Earth varieseven more, being greatest when the 
two planets are on opposite sides of the Sun, and of course least when 
they are on the same side. In the former case, Uranus is in conjunction, 
and its mean distance from the Earth exceeds 1,845,000,000 miles, whilst 
at opposition the mean distance is 1,662,000,000. Its apparent diameter, 
seen from the Earth, then varies in a way which may thus be exhibited :— 


OOP? 


Fig. 109.—Apparent ara of oe at its mean and extreme distances 
from the Earth 

From the distance of Uranus and its apparent size, its real dimensions 
have been deduced: itis a spherical body, 
74 times larger than our Earth, the dia- 
meter of the planet 32,250 miles. Fig. 
110 shows the comparative dimensions 
of these two bodies. 

Astronomers are not agreed as to 
whether Uranus is perfectly spherical or 
flattened at the poles of rotation. Sir 
William Herschel asserted the latter, 
and Midler found some years ago a 

Fig. 110.—Comparativo size of Uranusand 5 +toning of 4!,th, which is suggestive of 
a rapid rotation ; but other astronomers, 
Otto Struve among them, have not been able to detect any perceptible flatten- 
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ing. This, however, does not, perhaps, militate against the observations of 
Madler and Herschel; for if, as Arago remarks,* we assume that the equator 
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Fig. 111.—Difference between the apparent forms of a flattened globe, 
scel iu two different positions. 


of Uranus is situate nearly in the jane of the orbits of its satellites, this will 
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Fig. 112.~-System of the Satellites of Uranus; relative dimensions of the Orbits. 
explain how, at different epochs, observers have arrived at different results. 


* ‘Popular Astronomy,’ vol. iv. p. 493. 
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The axis of rotation of the planet would, on this supposition, nearly coincide 
with the plane of the orbit of the Earth. If the axis be turned towards 
our globe, the ellipsoid will seem to us circular; if, on the other hand, it 
be at right angles with us, the polar compression will become visible. 

The following figure explains both the difference of position, and the 
change of appearance resulting therefrom. 

Uranus, like Saturn, is the centre of a little system, comprising, besides 
the principal planet, eight* moonsor satellites, revolving in planesnearly per- 
pendicular to the plane of the 
.planet’s orbit. These bodies, 
whose revolutions are accom - 
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Fig. 113,—Inclination of the planos of the orbitsofthe of the plane in which they 
satellites to the orbit of Uranus. revolve. We have alread y 
mentioned the fact, that their movements are performed in a direction nearly 
perpendicular to the plane in which the planet revolves round the Sun. 
Another peculiarity, and this is found nowhere else throughout the Solar 
System, further distinguishes Uranus; the direction of these movements is 
retrograde, that is to say, it is contrary to that of all the other known move- 
ments of satellites and planets. But this anomaly probably results from 
the-very great inclination of their orbits, shown in fig. 115. 


* (Mr. Lassell believes from his own observations of Uranus, that only four 
satellites have been discovered, and that those supposed to have been seen by 
Herschel were in reality fixed stars. This view is confirmed by the observations 
made at Washington with the 26-inch refractor (the largest refracting telescope in 
the world). Prof. Holden, of Washington, has identified some of the points of light 
seen by Sir W. Herschel, with Mr. Lassell’s satellites.—R. A. P.} 
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The first satellite is but 123,000 miles, or about half the distance of 
our Moon, from the planet. The most distant of the four of which we have 
certain knowledge is 380,000 miles. Of these four, the two nearest, Arie? 
and Umbriel, were discovered by Lassell; the two remaining ones (two of 
which have received the names Titania and Oberon), by Sir W. Herschel. 
['These four are the first, second, fourth and sixth of those depicted in fig. 
112, counting in order of distance from Uranus.—R. A. P.] 

Observations of the variations of the quantity of light reflected by these 
enormonsly distant bodies—and these observations, we need scarcely say, 
are extremely difficult —have led to the inference that they possess move- 
ments of rotation, an idea strengthened by other planetary analogies: it is, 
however, as yet by no means certain. Nor have we yet observed their 
eclipses by the shadow of the planet, or those of the Sun, which doubtless 
sometimes take place when they pass between the planet and that body. 
We may, however, infer these phenomena as well as phases; and the 
simultaneous presence or absence of these bodies from the Uranian sky 
doubtless affords a great variety in the appearances presented to the inhabi- 
tants—if such exist—of this distant planet. 

Observations have at present given us no information on the physical 
constitution of Uranus. No feature is visible on the disk at such a 
distance. Astronomical calculations can only tell us of its mass, which is 
fifteen times that of the Earth; taking this and its volume into account, 
we find, for the density of the matter of which it is composed, a value 
equal to one-sixth of that of our Earth: the density of Uranus, therefore, 
is a little more than that of ice. 

On the surface of Uranus, the force of gravity is little more then +',ths 
of gravity on the surface of our Earth, so that bodies weigh much less, 
and the surface of the planet may be much less solid. | 


XIX. 


NEPTUNE. 


Discovery of Neptune— The Method of Disco.ery — Distance — Apparent and real 
Dimensions — Volume and Density —-Satellite of Neptune. 


At amean distance from the Sun of 2,745,998,000 miles, that is to say, 
more than thirty times the radius of the Earth’s path, the most distant of 
the known planets of the system circulates in its orbit. The nearly circu- 
lar orbit which it describes round the common centre is so great, that it 
requires nearly 165 years to accomplish its revolution. 

This planet is Neptune. Scarcely eighteen years separate us from the 
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time when it was first distinguished as a planet; so that we have merely 
yet seen it traverse the ninth part of its orbit. The recent date of its 
discovery, and the immense distance of the planet from the Earth, are 
sufficient reasons for the few data we possess regarding it. But it is sur- 
rounded with another kind of interest to compensate for this insufficiency 
—we refer to the method, unique in the annals of astronomy, which 
served as a basis for its discovery. 

We have seen that among the known bodies which compose the Solar 
System, eight only were distinguished by the ancients from the multitude 
of brilliant points which spangle the starry vault: the dimensions of some, 
—the Sun, Moon, and Earth; the proper motion of others among the 
constellations, — Mercury, Venus, Mars, Jupiter, and Saturn, were the cha- 
racters which early led to their being classed by themselves as wanderers. 

Later, the telescope enlarged man’s field of view, and permitted 
astronomers to add to these eight bodies a considerable number of new 
ones. Uranus, the Asteroids, the Satellites of Jupiter, Saturn, and 
Uranus, were ranked successively among the Solar family. But what 
was the method employed to discover all these celestial bodies? An 
attentive and minute survey of every part of the starry sky, the compari- 
son of celestial maps with the field of view of powerful optical instruments, 
the happy discovery of a change of place of a luminous point. But in 
ell this there was no prevision founded on theory, no preconceived 
notion on future discovery, which, indecd, in all cases has been due to the 
persevering zeal of observers and to happy chances. 

The method to which the discovery of Neptune is owing was entirely 
a different one. 

We shall speak subsequently on the principles of the movements of 
celestial bodies round their foci of revolution, as they act and react on each 
other in such a maner as to disturb the regularity of their movements ; on 
the observed perturbations, and on the manner in which the perturbations 
observed are connected with the laws which govern them. Now, among 
these perturbations, there was one which utterly defied explanation on any 
known theory, and which astronomers had in vain attempted to ascribe to 
the action of one of the known hodics. The tables constructed for the 
planet Uranus did not at all agree with the observations, and the motion 
of this body was evidently disturbed by some unknown body. This body 
was, nevertheless, for some time suspected by Bouvard, Hansen, and many 
other astronomers, who held that the perturbations were due to an undis- 
covered planet beyond the orbit of Uranus. But the complete solution of 
the problem was accomplished independently by an Englishman,— 
Professor Adams, aud a Frenchman,—M. Leverrier, both of whom now 
take rank among the foremost living astronomers. 

[When we consider the problem in all its grandeur, we need not be 
surprised that two mathematicians who felt themselves competent to its 
solution should have independently undertaken it. -\s far back as July, 
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1841, Mr. Adams determined to investigate the irregularities of Uranus; 
early in September, 1846, the new planet had fairly been grappled. We 
find Sir John Herschel remarking : ‘ We see it as Columbus saw America 
from the shores of Spain. Its movements have been felt trembling along 
the far-reaching line of our analysis with a certainty hardly inferior to 
ocular demonstration.’ 

On the 29th of July, 1846, the Equatorial at Cambridge was first 
emploved to search for the planet in the place theoretically assigned to it 


hy Mr. Adams. MM. Leverrier’s theoretical researches were published on 

the Slst of August, and his letter 

to the Berlin astronomers pointing N 

out where he expected it would be = 

found, was received on the 23rd 

September, his theoretical place Fig. 114.—Apparent dimensions of the disk of 
1 Neptune at its mean and extrome distances 

and Mr. Adams’ being not 1° apart. trom the Earth, 

There, thanks to the Berlin star- 

maps, which the English astronomers had not received, Dr. Galle found 

the planet the same evening. 

We need not now refer to the unfortunate, though perhaps necessary, 
discussion as to the comparative merits of these two astronomers, which 
almost clouded the brilliancy of their discovery. Tet us rather look upon 
the work of each as a stupendous triumph of intellect, aud the result to 
which the labours of both have led us as one which for ever establishes the 
theory of universal gravitation. | 

In the words of Arago, ‘Such a discovery is one of the most brilliant 
manifestations of the exactitude of the system of modern astronomers. It 
will encourage our inost eminent geometers to seek with fresh ardour the 
eternal truths which remain hidden, as Pliny expresses himself, in the 
majesty of theories.’ 

Neptune is invisible to the naked eye. In telescopes it has the aspect ot 
a star of the eighth magnitude. Its apparent movement is extremely slow; 
but, as the orbit which it describes round the Sun is so immense, its real 
velocity is nevertheless considerable ; it is about 12,000 miles an hour. 

Like all other planets, it is sometimes nearer and sometimes further from 
the Earth. Atthe time of conjunction it is distant from us, on the average, 
2,837,500,000 miles, whilst its minimum distance at opposition is less by 
183,000,000 miles. The apparent dimensions vary in inverse ratio, their 
limits are shown in fig. 114.* 

The real dimensions are somewhat considerable, and in virtue of them 
Neptune is the third planet of the system. Its diameter is 4°72 times 
greater than the diameter of the Earth, or 37,000 miles. The volume of 
the globe of Neptune is 105 times. 

If we turn to fig. 2, page 13, we shall see to what small dimensions 


* This disk has not yet presented any perceptible trace of flattening, neither can 
any spot be distinguished on it, so that the time of its rotation remains unknown, 
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the apparent diameter of the Sun is reduced, as seen from Neptune. The 
intensity of the heat and light received by that planet is but little more, at 
that enormous distance, than the thousandth part of that received by us. 





Fig. 115.—Neptune and the Earth ; 
comparative dimensions. 


But as nothing is known of its physical 
and atmospheric conditions or of its ro- 
tation, nothing can be determined on the 
climatic conditions of tke planet. 

At a distance nearly equal to that of 
the Moon from the Earth, that is to say, 
about 220,000 miles, a satellite revolves 
round Neptune, in a nearly circular orbit, 
in 5 days, 21 hours, 8 minutes:* this 
has enabled astronomers to calculate the 
mass of the primary. It was discovered 
by Mr. Lassell. It is equal to about the 


part of the mass of the Sun, or to 21 times that of the Earth. 
Hence, the density of the matter of which Neptune consists is less than 





satelite 
Fig. 116. —Satellite of Neptune 


the fourth of that of the Earth, or nearly equal to the density of nitric 
acid, and a little less than that of sea-water. From this point of view 
Jupiter is the planet most analogous with this body, whilst the force of 
gravity at its surface is about the same as on Saturn and Uranus, 


* Observers have also imagined that Neptune is surrounded by a ring ; but it 
is now certain that this appearance, which was also suspected in Uranus, inust be 


considered an optical illusion. 


BOOK THE THIRD. 


COMETS. 


Tae name of ‘Comet’ for the most part gives rise to the idea of a body 
of curious form, accompanied with a luminous train, travelling capriciously 
through space, appearing suddenly and disappearing in like manner, and 
at once astonishing by its strange aspect both learned and vulgar. This 
manner of distinguishing comets from other celestial bodies is no longer 
strictly accordant with the discoveries of science, which has succeeded in 
discovering the laws of their movements, and in axsigning to them their 
true place in astronomical classification. 

It is now proved that most of the observed comets, if not all,form 
part of the Solar System, and that, if they are distinguished from the 
principal and secondary pilancts, it is by characteristics entirely different 
from those which are ordinarily assigned to them. 

Let us see what these are. 


THE SOLAR SYSTEY, 


I. 


Aspect of Comets—Head ; Nucleus; Tails, simple and multiple—How Comets are 
distinguished from the other bodies of the Solar System— Forms and Inclina- 
tions of their Orbits; Direction of their Movements, 


Ir we refer to the etymology of the word, ‘ comet’ signifies a hairy body. 
Most frequently, indeed, a comet appears as a star, the nucleus of which 





Fig. 117.—1. Tailless Comet. 2. Ilead without tail or nucleus. 


is surrounded with a nebulosity more or less brilliant, to which ancient 
astronomers gave the name of hair. 

Independently of this nebulosity, the body is frequently accompanied 
by a train, the length of which varies in each comet, or in the same comet 
at different times: this luminous train is called the taid7. The form of the 
head and its ayparent and real dimensions, and the form and dimensions of 
the tail, are extremely variable, and, indeed, comets have been seen with 
two or even several tails. 

But the nebulous aureola and Inminous nucleus which generally form 
the head of the comet, and the single or multiple train with which the 
head is accompanied, cannot be considered absolutely as specific characters, 
seeing that bodies without these characteristics would be required to be 
ranged in a different category. 

There exist, in fact, some comets deprived both of tail and nucleus; 
such is the one represented in the right hand drawing of fig. 117, which 
consists, as we see, of a simple rounded nebulosity.* Others, like that 
represented in the first drawing in the same figure, possess a nucleus 
surrounded with a nebulosity, but no tail. 


* We shall describe further on the nebulous appearances entirely distinct from 
comets; these are the nebula, properly so called. The difference between them is, 
that whereas the nebule rtain a fixed position, the comet moves more or less 

apidly across the sky. 


FORMS OF COMETS... 


1. Comet of 1577. (Cornelius Gemma.) 2. Comet of 1680. (J. C. Sturm.) 
8. Comet of 1769. 
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Nor is the nebulous character of the head always constant; comets 
lhave been: observed which have presented the appearance of stars, with 
which, indeed, they have been confounded. The astronomical history of 
the last century offers a striking example. When Sir W. Herschel, by 
the aid of his powerful instruments, discovered in the distant regions of 
the solar system the planet which now bears the name of Uranus, he first 
mistook this body for a comet. Still, there was no trace of nebulosity to 
mislead the illustrions astronomer of Slough. His opinion was founded 
upon a rough determination of its orbit. 

But it is right to say that, among the numerous comets observed up to 
the present time, either 
with the naked eye, or by 
means of telescopes, the 
majority are distinguished 
by a nebulosity surround- 
ing the nucleus, and a great 
number, especially of the 
most brilliant ones, possess 
a luminous train or tail. 
With others, the tail, dis- 
played fan-like, is divided 
into many branches, as if 
the body had in reality 
several distinct tails. Plate 
NXIII and fig. 118 give 
an idea of the varied forms 
of these cometary append- 
ages. -, 

This diversity of aspect 
will, perhaps, some day, 
cnable astronomers to class 
comets into genera, species, 
and varieties, and will 
doubtless facilitate the per- 
fection of the theory of the phenomena which these bodies present, which 
is still so obscure. 

Comets, as we have said, form part of our Solar System. Like the 
planets, they revolve round the Sun, traversing with very variable 
velocities extremely elongated orbits; the form of the cometary orbits 
furnishes us with the first of their specific characters. 

' Whilst the planets now known move in nearly circular, closed curves, 
and thus remain continually visible, if not to the naked eye, at least with 
the aid of telescopes, most of the comets revolve round the Sun either in 
extremely elongated ellipses, or in infinite curves, or at least in curves 
which appear so. Hence it results that comets are observable only in 





Fig. 118.—Comet of 1744 (Chéseaux’s Comet), with 
multiple tails. 
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a very limited portion of their paths, that is, when they approach nearest 
to the Sun and Earth. Moreover, as the period of their revolutions 
increases with the departure of their orbits from a closed curve, it has 
only been possible to determine the return of a very small number of these 
solar satellites. There are some, which, judging by what we know, will 
never revisit our system. 

In fig. 119 are represented the three kinds of orbits described by comets. 

The first, of oval form, having the Sun for its focus, is the ellipse. It 
is a closed or re-entering curve. Although elongated, it is clear that the 
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Fig. 119.—Form of cometary orbits. 


body that traverses it must return periodically, to the Sun, at epochs more 
or less distant. 

The second is of a form very analogous to the ellipse, but it is dis- 
tinguished from it by the fact that its two branches constantly get further 
apart, and therefore never join. This is the parabola; but it is quite 
possible that those comets the orbits of which appear parabolic really 
describe extremely elongated ellipses, and that this form is taken for the 
parabolic one during the period of visibility of the body, in consequence 
of this similarity; but on this hypothesis, the period of revolution, 
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necessary to give rise to this confusion, must be so great, that a return can 
never be proved : still, strictly speaking, a return may take place. 
' [tis another matter, however, when the comet describes the third kind of 
orbit. to which geometers give the name of hyperbola. 'The two branches 
of the hyperbola not only are infinite, but they are distinguished essentially 
from the ellipse, as the branches depart much more from the re-entering 
form which characterises an ellipse, with which form no portion of the 
hyperbola can be confounded.* 

Several comets move in orbits of this kind, so that, after having once 
formed part of our solar system, they go away for ever, seeking perhaps in 
the depths of the heavens another Sun, which they will afterwards abandon 
as they do our own. Among the elliptic cometary orbits now known, 
that which the nearest approaches the circle is much more elongated than 
the planetary orbit which de- 
parts from it most. In fig.120 
are given, on the one hand, 
the most excentric of the 
planetary orbits, and, on the 
other, the least excentric 
cometary one, so that this 
difference may be appreciated 
by the eye. 

Thus comets are distin- 
guished from planets, in the 
first place, by the extreme 
elongation of the curves which 
they describe round the Sun. 

There are two other charac- 
ters which are not less impor- 
tant than this: these are, first, 
that the inclinations of their 
orbits, instead of being con- = 
tained, like those of the Fig. 120.— Comparison of the excentricity of the 

. outs planetary and cometary orbits. 
planetary orbits, within small ; 
limits, take every possible value. Hence comets traverse the starry vault in 
every direction, different in this from the other bodies of the solar system, 
the apparent paths of which never vary much from the narrow zone 
known under the name of the Zodiac. 

Lastly, the direction of movement is sometimes from west to east, 
sometimes in the contrary direction, or, if we recall the signification of 
these words, sometimes direct, sometimes retrograde. Now the funda- 





# (Or rather, though the form of a hyperbola near the vertex closely resembles 
that of an ellipse near the extremity of the minor axis, yet the motion of a comet 
even near the vertex of a hyperbolic orbit cannot (when its velocity is considered ) 
be confounded with the motion in any elliptic orbit.—R. A. P.] 
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mental fact should be ever present in our memory, that all the planets move 
in the same directiom—that is to say, from right to left, or from west to east, 
to an observer placed on the northern side of the plane of the ecliptic. 
Such are the essential differences which render comets a peculiar family 
of celestial bodies, and a most interesting one in the double point of view 
of their movements and physical constitution; indeed, they give to the 
solar group, already so varied, an incomparable richness. 


II. 


Periodic Comets— Halley’s Comet; its return in 1759 and in 1835—Enoke's 
Comet of Short Period; Acceleration of its Movement— Division of Gambart's 
Comet— Elements of the Principal Periodical Comets. 

In spite of the oft-renewed protests of astronomers, a singular reproach is 

often launched against them. When a comet, visible to the naked eye, 

appears in the sky attracting notice on all sides by its brightness perchance, 
or the length of its tail, a number of people are astonished at the careless- 
ness or ignorance of astronomers in having failed to predict it. We shall, 
therefore, now show how it happens that they are unable to predict, except 

in a few instances, the approach of a comet, as they do the position of a 

planet or the phenomena of eclipses. 

All comets, as we have seen, have the Sun for the focus of their move- 
ments, and all describe a curve round it—an orbit, the concavity of which 
is always turned towards the Sun. But, as we have also stated, most of 
the cometary orbits are so elongated, that they appear to be parabolic, the 
branches of which are infinite; others, again, are hyperbolic. What 
must we expect, then, in the case of comets which describe such orbits ? 
Hither they will never return to us, the immense distance to which they 
travel from the Sun perhaps carrying them into the sphere of attraction of 
some other system; or if they do return, it will be at an enormous interval 
of time, perhaps after a lapse of thousands of centuries. 

Thus most of the comets observed visit the celestial regions occupied 
by our world for the first time, or, if they have already been with us, their 
visit happened at periods so remote from ours that no human observation 
has been handed down to us, even if man then existed on the Earth. On 
these hypotheses the impossibility of a scientific preparation is evident : 
we'must observe a comet and ascertain the elements of its motion, before 
we are able to predict its return. 

A. certain number of comets, it is true, move in closed orbits—in 
ellipses. Among these we distinguish the comets of short period from 
those the revolutions of which occupy centuries—the anterior observations 
of which are unknown, or so confused, that it is impossible to base any 
calculations on them. Of these, however, science has also predicted the 
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return, if not on a given day, at all events between certain limits. But in 
the case of the periodical comets of short period, their‘movements are known 
to a precision which permits the return to be easily announced, and we can 
predict for any given day and hour the various places they will oceupy in 
the starry vault. 

Let us enter somewhat into detail. 


The first of these comets, the periodicity of which has been ‘vell es- 
tablished, both by observation and calculation, bears the name of Halley, 
an English astronomer of the seventeenth century. It is to him that we 
owe, in fact, the identification of the comet of 1682 with those of 1531 and 
1607, and the prediction of its return of the comet of 1758, or the beginning 
of 1759. The event justified the prediction. This was not all: at this 
latter period cometary astronomy was elevated at once to a state of perfection 
comparable with that of the other branches of the science. A French 
geometer, Clairaut, calculated the effect of perturbations of the two large 
planets, Jupiter and Saturn, in the vicinity of which the body was ex- 
pected to pass, on the path of the announced comet. Ile assigned a delay 
of 618 days; 100 due to the action of Saturn, 518 to that of Jupiter. 

The return of the body to its perihelion was predicted, therefore, to 
occur in the middle of April, 1759, with an error of a month more or less, 
the uncertainty arising from the neglect of some terms in the calculation 
which Clairaut. pressed for time, omitted: It actually returned to peri- 
helion on the 13th of March. 

Since then, in 1835, Halley’s comet reappeared in our regions of the 
sky, but this time its passage was predicted with such precision, that there 
was only three days’ difference between calculation and observation. 

The form of the orbit of Halley’s comet is shown in fig. 121, which also 
gives those of the other comets cf short period at present known in our 
system. This orbit, too elongated to be represented in its entire develop- 
ment, is shown in Plate I, where it is seen that at its more distant point 
from the Sun it reaches beyond the orbit even of Neptune. The comet 
requires more than 76 years—27,866 days—to traverse this immense curve. 
We also see that in consequence of one of those characteristics which espe- - 
cially distinguish such a body from the planets of the solar system—the 
elliptical form of its orbit—Halley’s comet is sometimes nearer to the Sun 
than Venus within, indeed, a distance which does not exceed 54,000,000 
miles, and sometimes it recedes from the focus of heat and light to a distance 
60 times more removed—a distance exceeding 3,100,000,000 miles. 

These enormous variations in distance would lead us to suppose most 
astonishing differences in the quantity of light and heat received by the 
comet from the Sun. And, in fact, the intensity of these physical agenta 
varies in the ratio of 3000 to 1, or, as it may be put, the Sun’s light and 
heat arrive at the comet with a force 3000 times more considerable at 
perihelion than at aphelion. 
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Halley’s comet moves from east to west in a plane inclined to the orbit 
of the Earth the fifth part of a right angle. In Plate XIV are represented 
the various appearances assumed by it in 1835, both in its general aspect 
and in the portion of it surrounding the nucleus. 

Following the order of discovery, we must next describe Encke’s comet. 

Invisible to the naked eye, it appears in the telescope urider the form 
of a nebulous mass, nearly spherical, and without either tail or nucleus. It 
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Cae So ; Fig, 121.—Orbits of the perlodice Comvis, 

care eee 
is a singular fact that the head of this comet varies both in form and 
dimensions at the same time, and it is at its nearest approach to the Sun 
that its volume is smaliest. 

Of all the comets, the periodical return of which has been demonstrated, 
this comet accomplishes its revolution round the Sun in the shortest space 
of time, which in the mean is 1205 days, or a little less than 34 years. It 
moves ‘from west to east in ax orbit such that its perihelion and aphelion 

istances are respectively 31,000,000 and 375,000,000 miles. 

Here, then, is a body which, at each of its revolutions, penetrates 


PLATE XIV. 


BHALLEY’S COMET. (Sir J. Herschel.) 
1. View of the comet in Ophiuchus with the naked eye, Oct. 22,. alee 
2. The same vicwed with a telescope of 7 feet focal length. 
8.4 5.6. Details of the head of the comet. October, 1835—February, 1836. 
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within the orbit of Mercury, and at its greatest distance from the Sun 
surpasses the orbits of the asteroids, and almost reaches that of Jupiter. 
Since 1818, the time of its discovery, all its returns to the number of 
fourteen have been regularly observed; but, singular circumstance, the 
period of its revolution is constantly diminishing ; so that, if this progres- 
sive diminution always follows the same rate, the time when the comet, 
continually describing a spiral, will be plunged into the incandescent mass 
of the Sun can be calculated. This continued approach has been attributed 
to the existence of a resisting medium in the regions of space.* 

Encke’s comet is also specially designated by the appellation of the 
comet of short period. 

Among the other comets, of which both calculation and observation 
have confirmed the periodicity, bearing the names of Gambart or Biela, 





Fig. 122.—Subdivision of Gambart’s Comet. (Struve.) 


* It appears at first paradoxical to say that a resistance to a movement can pro- 
duce an acceleration in the time of the successive revolutions: the first tendency of 
the mind is to see, on the contrary, a cause of slackening ; but with a little reflec 
tion it is easy to convince oneself of the exactitude of the first explanation, or, at 
least, ot’ its probability. We have shown, in another work (‘I.es Mondes,’ XIX, 
Causerie), that acceleration, combined with the third law of Kepler, and the theory 
of universal gravitation, is a direct consequence of such « resistance. The explana- 
tion of this would here be premature; we must refer to the third part of the present 
work, in which an exposition of astronomical Jaws is given. 

It is possible that the nebulous ring which forms the zodiacal light can be the 
medium which accelerates the period of Encke’s comet? Or, again, may not the 
same effect be attributed to the perturbations to which the body is subjected at its 
periodical passage through the regions of shooting stars or the telescopic planets ? 
All these questions are still extremely problematical, and it will be understood that 
this is not the place to discuss the various degrees of probability of each of them. 
We may, however, remark that M. Faye, in attributing to the solar heat a repulsive 
force, has suggested a theory of the physical constitution of comets which accounts 
at once for the form of the appendices of these bodies, and fer the acceleration of 
the period which observation has demonstrated for Encke’s comet, 
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Faye, De Vico, Brorsen, and others, the first only requires a special 
mention. The latter are all telescopic, and do not offer any particular 
interest in their physical aspect. 

This is not the case, however, with Gambart’s comet. Discovered in 
1826, its first reappearance occurred in the autumn of 1832, and much 
excitement was caused by the somewhat premature announcement that it 
must in its passage meet the Earth. More precise calculations demonstrated, 
before the event, that the comet would cross our orbit .a month before our 
globe would reach the point of passage, and thus contact was impossible. 

But the alarm had been sounded. The imagination was excited, and 
the idea of the end of the world—of our little world—occupied numerous 
minds. Even among those who placed confidence in the precision of astro- 
nomical calculations, there were some who at least feared a derangement ot 
our orbit. Doubtless, to them, an orbit was something material—a me- 
tallic circle, for example. ‘As if,’ says Arago, in relating this curious 
notion, ‘the form of the parabolic path in which a bomb after leaving a 
mortar, traverses space, was dependent on the number and positions of 
the paths which other bombs had formerly described in the same region.’ 

Further on we will say a few words on this question, which some day 
er another may largely interest the inhabitants of our globe—we allude to 
the danger and the probability of a comet’s contact with the Earth. 

If Gambart’s comet did not justify the fears that were conceived, it 
was itself subjected a little later to a strange transformation—-it subdivided 
itself into two. In 1846 it appeared under the form of two comets, of 
unequal size, which gradually separated more and more. In 1852 thetwo 
comets reappeared travelling together, but the distance between the twonuclei, 
which had reached 145,000 miles in 1846, then amounted to 1,190,000 miles. 

Astronomical annals have before recorded similar transformations: but 
as they related to comets which have not reappeared, authorities hesitated 

c believe them. Gambart’s comet, however, leaves no doubt of the fact. 

We here give some data on the short-period comets to which we have 

referred :— 


Time of Distances from the Sun. 
Comets. rovolution Aphelion. Porihelion. Time of next 

in years. Earth’s as 1. Earth’s as 1. return. 
Encke’s. . . . . S20 .. O8407 4:0055 .. 1868, October. 
De Vico’s . . . . Sd 4. 11874 50182 .. 1866 (°). 
Winnecke’s . . . S54 .. 0°7688 54098 .. 1869, June. 
Brorsen’s . . . . S58 .. O0°6466 56464 .. 1868, May. 
Biela’s (or Gambart’s) 661 %.. 0°860% 62011 .. 1866, January. 
D’Arrest’s. . . . OOU4 1. 11750 57407 .. 1870, October 
Faye's . . . . « T4t 2. 1:6865 59373 .. 1866, Feb. « 


Halley's . . . . 76°78 .. 095866 30°3660 .. 10910(%). 


All these have their direction of movement the same as that of the 
movement of the planets, that is, from west to east. Among the periodical 
comets already mentioned, that of Halley is the only exception. [ Besides 
the comets included in the preceding table, others with periods of about 
seventy years have been discovered,——-by Westphal (1852); Pons (1812) ; 
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De Vico (1846); Olbers (1815); Brorsen (1847); Tempel’s comet (1866) 
has a period of 33} years. | 

We shall content ourselves with the preceding details of the astrono- 
mical short period of the periodical comets. It remains for us to give some 
details on these comets, the return of which is either very remote or has 
not been determined. 


III. 


Comets of Long Period — Large Comets visible to the Naked Eye—Dhysical Con- 
stitution of Comets; Mass, Density — Nature of their Light— Danger which 
might result from the coutact of a Comet—Spectroscopic Observations by Mr. 
Huggins. : 

Must we accept literally the comparison of Kepler, who affirmed that comets 

are scattered throughout the heavens with as much profusion as fishes in 

the ocean? <Arago, adopting the hypothesis of an equal distribution of 
comets in every region of the Solar System, and basing his calculations on 
the number of comets between the Sun and Mercury, estimated the number 
of these bodies which traverse the solar system with its known limits, that 

is to say, within the orhit of Neptune, at 17,500,000.* 

Whatever we may think of these hypotheses, observation proves, from 
year to year, that the number of comets is really considerable. Leaving mere 
reappearances out of the question, new ones are constantly found to arrive 
from the depths of space, describing round the Sun orbits which testify to 
the attractive power of that radiant body, and, for the most part, going away 
for centuries, to return again from afar after their immense revolutions. 

During the two or three centuries in which comets have been observed 
with care, more than 200 have been recorded. Adding them to those noted 
in ancient annals, we must reckon them at five or six hundred, among 
‘which there are only about forty of which we have been enabled to deter- 
mine the period of revolution. 

Of this number, five complete their revolutions in periods which vary 
between sixty-nine and seventy-five years. Dut what shall we say of 
those which take thousands of years to accomplish their circuit, of the 
famous comet of 1680, the perihelion point of which was so near the Sun, 
that Newton valued its temperature while passing through that part of its 
orbit at 2000 times the heat of red-hot iron? Its period is about 8814 
years. Dut there are some longer still; and the period of the comet of 
July 1844 has been estimated at not less than 100,000 years. If the 
calculation is exact, here is a comet the return of which will be observed 
by the astronomers of the year 101,844! At a mid date of this immense 


* As early as 1765 Lambert, basing )is calculations on other data, regarded 
500,000,000 as a very moderate estimate of those within the orbit of Saturn. 
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period, it will be travelling in space at a distance not less than 4000 times 
that of the Earth from the Sun. 

The velocity of comets, diminishing like that of the planets as their 
distances from the Sun increase, varies between very large limits, and at 
their greatest distance from the central body it is extremely small ; thus 
the comet of 1680 scarcely traverses, at its aphelion, more than three yards 
a second ! 


Among the numerous comets observed, there are very few that are 
isible to the naked eye, and a still less number which strike ordinary 





Fig. 123.—Great Comet of 1811, from a drawing by Admiral Smsth, in the 
‘Speculum Hartwellianum,’ 


observers by their large dimensions and the brightness of their light. 
It is these, nevertheless, which possess the greatest interest, by reason of 
the peculiar phenomena presented by their tails and nuclei—phenomena 
which throw great light on their physical constitution. 

Among the most remarkable comets of by-gone centuries must be 
mentioned the large comet of 1500, which the Italians surnamed J/ Signoy 
Astone ; the comet of Charles the Fifth, of 1556, which, according to 
astronomical calculations having already appeared in 1264, ought to have 
made its reappearance about 1860, and has not been again seen; that of 
1686, the bright nucleus of which shone as a star of the first magnitude ; 
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the comet of 1744, with several tails: and that of 1769, which is re- 
presented, as given in the drawings of the time, in Plate XIII and fig. 118. 

The portion of the nineteenth century already elapsed has been rich in 
brilliant comets, visible to the naked eye. We here reproduce some of the 





Fig. 124.—Comet of 1862. Forms and positiens of the luminous jote on Angust 23, 
at one o'clock in the morning, aud at nine in the evening. 


most remarkable ; first, the large comet of 1811, the appearance of which 
made an extraordinary sensation. It will not again return for thirty 
centuries. The head measured 108,000 miles in diameter, whilst the 
diameter of the luminous nucleus was less than 400 miles. The tail, 
of prodigious dimensions, attained a length of 108,000,000 miles. 

The great comet of 1843 was one of the most brilliant ever observed. 
Not only the nucleus, but a portion of the tail, was visible in full day. 
The tail was besides very remarkable for its length, and still more for the 
uniformity ofits breadth. This is, of all known comets, that which is the 
nearest to the Sun. At the time of its shortest distance from the centre 
of our system, the nucleus was not more than 450,000 miles from the 
centre of the Sun, and consequently Jess than 30,000 miles from its surface. 

In these latter years three comets, visible to the naked eye, have been 
the object of the most interesting observations. The most brilliant of all, 
Donati’s comet, made its appearance in 1858. Perceived at Florence, for 
the first time on the 2nd of June, by the astronomer whose name it bears, 
it became visible to the naked eye towards the first days of September, 
and was soon distinguished among the northern constellations by the 
brightness of its brilliant nucleus, and the magnificent development of ita tail. 

Those persons who were witness to the splendid spectacle offered by the 
nights when this beautiful body was visible, will be able to recognise and 
follow, in Plates XV and XVI, the aspect of the comet at different epochs, 
and its path across the starry vault. : 

In 1861 and in 1862 two other comets were also visible, although 
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inferior in brilliancy to that of 1858. There will be found further on (figs. 
124 and 125, and Plate XVIII), detailed representations of the head and 
nebulous envelopes of these bodies—details extremely interesting from a 
physical point of view. 

The problems connected with the study of the physical constitution of 
comets are numerous, and of extreme difficulty. It may be asked, in the 
first place, What is the nature of the matter which composes them? or 
whether this matter be entirely gaseous ? or, again, if the nuclei enclose 
liquid or even solid particles, and ifso what is their bulk and their density; 
if the tail is of the same nature as the head or nucleus; or by virtue of 
what influence these singular appendages are formed, which, almost un- 
noticeable when the comet is far from the Sun, are developed as it 
approaches it, to diminish, and finally disappear again in the more distant 
half of its orbit ? 

Next comes the question of the light which renders the comets visible 
in space. Do comets shine with their own light ? do they borrow their light 
from the Sun? or do they send us rays proceeding from both these sources? 
Again, can anything plausible be conjectured on their temperature, or on 





Fig. 125.—Comet of 1862. Aapect of the head of the Comet, at nine in the evening, 
the 2S5r.1 August, and the 24th August at the saine hour. 


the changes induced upon this element by the prodigious variations of dis- 
tance which are the consequence of the extreme elongations of their orbits ? 

Lastly, what is the cause of the modifications to which these strange 
bodies are subjected, not only from one revolution to another, but under 
our very eyes, during the short interval of a single appearance ? Not only 
is the tail formed, developed, diminished, and again absorbed, but the 
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envelope of the nucleus is subject to the most curious transformations. If 
we look at the drawings (figs. 124 and 125) of the comet of 1862, drawings 
which represent the heed of the body at intervals of a day at the most, we 
shall be astonished at the rapidity of the changes of position and form of 
the luminous jets which successively were emitted from the nucleus, in a 
direction nearly always opposed to that of the tail. In an interval of seven- 
teen days, the able observer to whom we owe the communication of these 
drawings, M. Chacornac, was able to distinguish the formation of thirteen 
of these jets, similar to jets of steam, and alternately directed towards the 
Sun and to the east of it, that is to say, in a direction opposite to the 
movement of the comet. After each of these emissions the nebulous matter, 
accumulated at the end of the jet, seemed driven back by a repulsive force 
emanating from the Sun, and then flowed in the direction of the tail. 
These phenomena would seem to confirm the hypothesis of M. Faye, to 
which we have before alluded, which attributes to the Sun, independently 
of an attracting force by virtue of its mass, a repulsive power by virtue of 
its heat. By means of this hypothesis, M. Roche has been enabled to 
account for the variation in form of the nucleus and envelopes. 

[ We may here remark that these last have recently been specially the 
object of a searching inquiry by the lamented Professor Bond, in his most 
admirable memoir on the comet of 1858. These envelopes, however, must 
not be confounded with the Umhiillung, or outer faint veil, which may 
extend for some distance around the head. ‘They were observed to regu- 
larly expand outward from the nucleus, and the history of no less than 
seven of them has been recovered. | 

To what forces are these strange phenomena due ? 

To these questions of great interest, which, it must be admitted, are 
still very obscure, may be added others which at different times have been 
privileged to captivate the attention of the public. We have seen that 
Gambart’s periodical comet was expected in 1832, to come in contact with 
the Earth. What would have resulted from such an event ? 

A century ago, savans still considered comets to be bodies, the impact 
of which on our globe, or with another planet, would entail the most fright- 
ful consequences. 

‘When the movement of the comets is considered,’ says Lambert, in 
his Lettres Cosmologiques, ‘ and we reflect on the laws of gravity, it will 
be readily perceived that their approach.to the Earth might there cause 
the most woeful events, bring back the universal deluge, or make it perish 
in a deluge of fire, shatter it into small dust, or at least turn it from its 
orbit, drive away its Moon, or, still worse, the Earth itself outside the 
orbit of Saturn, and inflict upon us a winter several centuries long, which 
neither men nor animals would be able to bear. The tails even of comets 
would not be unimportant phenomena, if the comets in taking their depar- 
ture left them either in whole or in part in our atmosphere.’ 

Maupertuis, at the same time, had already described in nearly the 
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same manner the catastrophes which the fear of the Earth's contact with 
a comet had led astronomers to imagine. Only, by the side of possible 
inconveniences, he enumerated the advantages that might be derived from 
the distant influence of these bodies, such as changes of the seasons into a 
perpetual spring, the acquisition of new moons, or of a ring like that of 
Saturn. He then adds: ‘ However dangerous might be the shock of a 
comet, it might be so slight that it would only do damage at that part of 
the Earth where it actually struck; perhaps even we might cry quits if 
while one kingdom were devastated, the rest of the Earth were to enjoy 
the rarities which a body which came from sv far might bring to it. Per- 
haps we should be very surprised to find that the débris of these masses 
that we despised were formed of gold and diamonds; but who would be 
the most astonished, we, or the comet-dwellers, who would be cast on our 
Earth ? What strange beings each would find the other !’* 

At the present day astronomers have abandoned these fears. Not only, 
according to them, is the probability of a shock so slight, that it is not 
worth while to trouble ourselves about such an event; but, again, the mass 
of comets appears such a small fraction of the mass of the terrestrial globe, 
that the shock would be quite imperceptible. 

This way of looking at the matter rests on consideration and on facts 
which render it very probable. In 1770 a comet was seen to traverse the 
system of Jupiter, without inducing the smallest perturbation in the move- 
ment of the satellites, whilst the nebulous body itself was so much disturbed 
that its entire orbit was changed. 

[Then again, we have good reason to believe that we actually passed 
through the tail of the comet of 1861, and the only effect observed was a 
peculiar phosphorescent mist. | 

But would it be the same with all comets? In our opinion, it is at 
least prudent not to generalise too hastily. If comets exist, the nebulosity 
of which seems entirely gaseous, and so transparent that small stars remain 
visible through them, there are others, the nucleus of which is doubtless 
very dense, since their light has been strong enough to be perceptible in 
full day, even in the vicinity of the Sun. The mass of Donati’s comet has 
been valued by MM. Faye and Roche at about the seven-hundredth part 
of the bulk of the Earth. 

‘ That is,’ says M. Faye, ‘the weight of a sea of 40,000 square miles 
109 yards deep; and it must he owned that a like mass, animated with a 
considerable velocity, might well produce by its shock with the Earth very 
perceptible effects.’ 

Of the heat peculiar to the comets, and of the nature of the light that 
they emit, very little is yet known. Doubtless, in the vicinity of the Sun, 
the action of the high temperature of the radiant body cannot fail to be 
felt on the exterior strata of the cometary nuclei; and it is thus that the 
formation of the luminous jets which, becoming detached from the central 


* ‘Lettre sur la Comtte. CEuvres de M. de Maurpertuis,’ p. 2038. Dresden, 1752. 
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mass and acted upon by some unknown force, give rise to the tail, may be 
accounted for. 

On the other hand, it seems proved that the light of the comets is, in 
part at least, borrowed from the Sun. But may they not also possess be- 
sides a light of their own ? and, on this last hypothesis, is this brightness 
owing to a kind of phosphorescence, or to the state of incandescence of the 
nucleus ? Truly, if the nuclei of comets be incandescent, the smallness of 
their mass would eliminate from the danger of their contact with the Earth 
only one element of destruction; the temperature of the terrestrial atmo- 
sphere would be raised to an elevation inimical to the existence of organised 
beings; and we should only escape the danger of a mechanical shock to 
run into a not less frightful one of being calcined in a many days’ passage 
through an immense furnace. 

If we enlarge on these considerations, which are merely hypothetical, 
it is not with the intention of reviving the fears or superstitious terrors of 
another age. We but wish to show to what conjectures science is still re- 
«luced on the problem, so interesting from so many pvints of view, of the 
physical constitution of comets. 

[The spectroscopic observations made by Mr. Huggins on the light of 
three faint comets show that a certain portion at least of the light of these 
objects is inherent. The outer part of each gave a continuous spectrum, in 
which dark lines may have existed, but could not be recognised owing to 
the extreme faintness of the light. The nuclens gave in each case three 
bands of light, indicating that the substance of the nucleus consisted of 
glowing vapour. In the case of the third comet thus examined by Mr. 
Huggins—that known as Lrorsen’s—the spectrum of the nucleus closely 
resembled, or was in fact practically identical with that of carbon as shown 
when the electric spark is taken through olefiant gas.’ But in what con- 
dition the carbon of the comet’s nucleus may be, in order to account for this 
result, it is difficult indeed to say. Carbon, as we know, is of a remarkably 
‘fixed’ character, and it seems difficult to conceive that the heat to which 
Brorsen’s comet was actually subjected at the time could be sufficient to 
volatilize such an element. Mr. Huggins remarks that probably the carbon 
exists in the nucleus in a state of excessively minute division. ‘In such a 
form,’ he says, ‘it would be able to take in nearly the whole of the Sun's 
energy, and thus acquire more speedily a temperature high enough for its 
conversion into vapour.’ But he admits that the whole subject is full of diffi- 
culty, and doubtless we must wait until some bright comet shall have presented 
itself for examination with the powerful spectroscopic appliances recently 
placed at Mr. Huggins’s disposal. Huggins’s spectroscopic examination of 
the comet of 1874 (called Coggia’s after its discoverer) yielded results re- 
sembling those he had already obtained from small comets. But this was 
the first comet whose tail he had analysed. ‘The spectroscopic analysis of 
the various parts of the comet gave the following results :— 

‘When the slit of the spectroscope was placed across the nucleus a 
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coma, there was seen on the instrument a broad spectrum, consisting of the 
same three bright bands exhibited by Comet II., 1868, crossed by a linear 
continuous spectrum from the light of the nucleus. On the continuous 
spectrum of the nucleus, he proceeds, ‘I was not able to distinguish with 
certainty any dark lines of absorption, or any bright lines, other than the 
three bright bands. Besides these spectra, there was also present a faint 
broad continuous spectrum between and beyond the bright bands. When 
the slit was moved on to different parts of the coma, the bright bands and 
the faint continuous spectrum were found to vary in relative intensity. 
When the slit was brought past the nucleus on to the commencement of 
the tail, the gaseous spectrum became rapidly fainter, until, at a short dis- 
tance from the nucleus, the continuous spectrum predominated so strongly 
that the middle band only, which is the brightest, could be detected on it. 
We have presented to us, therefore, by the light of the comet, three spectra: 
(1.) The spectrum of bright bands; (2.) The continuous spectrum of the 
nucleus; (3.) The continuous spectrum which accompanies the gaseous 
spectrum in the coma, and which represents almost entirely the light of the 
tail. —R.A.P.] 


GENERAL SURVEY OF THE SOLAR SYSTEM. 


‘have now terminated our description of the various phenomena pre- 
sented by the Solar System. 

We have reviewed successively all the bodies which compose it, from 
the immense central body—the fountain-head of heat and light—to the 
most distant planets which its powerful attraction maintains in their orbits, 
and to those vagabond bodies, the comets, some of which perhaps visit but 
once those regions of the sky in which the movements of our system take 
place. 

We are about to quit the system of which our Earth forms part—a 
system so prodigiously vast, when the dimensions are compared either with 
the most gigantic construction of man, or even with the terrestrial globe 
itself, the magnitude of which reduces man to nothingness. We shall now 
launch out into space, far, very far beyond Neptune, to such distances that 
the Earth, the planets, the Sun itself even, when looked back upon, would 
but appear as luminous points, and the whole Solar System would dwindle 
down to a single speck of light. 

There we shall find myriads of other Suns, other worlds, of which the 
physical constitution, distances, and movements, must also be studied. 
But before undertaking this immense voyage in the infinite, let us sum up 
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in a few general remarks the more striking features of the Solar System, 
which will constantly serve us for comparison with the other systems with 
which we shall have to deal. 

We have seen how the different celestial bodies which revolve round the 
Sun are grouped. In describing each of them we have given their real di- 
mensions, both absolute, and compared with thoseof our Earth. PlateX VIIL 
contains a]] these comparative dimensions grouped together, whence we may 
gather by a coup d@’@il how much the volume of the Sun preponderates 
over that of all the planets and their satellites put together. Calculation 
shows, indeed, that the solar globe itself contains GVO times the united 
volumes of all these bodiez. Its mass is still more considerable ; and if the 
Sun were placed in one of the scales of a celestial balance, 750 times the 
weight of all the planetary masses must be placed in the other to equal it. 

We have from the commencement divided the planets into three prin- 
cipal groups ; that of the planets of average size, that of the asteroids or 
telescopic planets, and that of the larger planets. A fact which renders 
this division more striking is, that the celestial bodies, of which each group 
is formed, not only present a similarity in size, while the distances of all 
from the Sun seem to obey a law, but other physical analogies seem‘ to 
indicate that they form so many natural families, the members of which 
have perhaps a common origin. 

Thus Mercury, Venus, the Karth, and Mars, have a movement ot 
rotation the time of which is nearly equal; and, except in the case of 
Mercury,* their density is very similar, and the polar flattening is either 
very slight or imperceptible. 

With regard to the inclinations of their axes to the planes of their 
orbits, a condition of things which has an overpowering influence on the 
seasons in each planet, the four smaller planets of which we speak must [if 
we accept the old observations | be divided into two sub-groups, Mercury 
and Venus in one category, Mars and the Earth in the other. 

We know very little of the physical constitution of the minor planets 
but, besides the fact that they are all accumulated in one narrow Zone, 
and are all of small dimensions, they possess a family likeness in the great 
excentricity of their orbits, and the generally very great inclinations of the 
planes in which they revolve round the Sun. 

We come now to the four larger planets, Jupiter, Saturn, Uranus, and 
Neptune; at once we are struck with their much more rapid rotation, which 
we should have predicted from the cunsiderable polar flattening of the two 
first bodies. With regard to the two other planets, Uranus and Neptune, 
we are still in the dark on these points. Their density is at most but a 
quarter of that of the smaller planets, and this is almost the case for all the 
members of the group. 

But the other elements do not offer such close analogies. The inclina- 


* According to Encke, the density of Mercury is really much less than that at 
present adopted ; it is not very different from the density of the Earth. 
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tion of the exis, small in the case of Jupiter, is larger in the case of Saturn, 
and probably excessive in Uranus. ) 

But another point of resemblance is, that all these larger planets have a 
great number of satellites, whilst the Earth alone, of all the planets of the 
system, is accompanied by a single moon. 

The question as to the habitability of the other planets of the system 
has been much agitated. It has been asked if only the Earth’s surface is 
embellished by the productions of animal and vegetable life, if it alone is 
inhabited and governed by intelligent and sensible beings. 

Astronomy can only indirectly touch on these interesting questions, the 
solution of which will, doubtless, long remain beyond us, although we have 
seen with what minute care science collects together all the elements of the 
problem, all the data which observation can furnish on the meteorological 
and physical conditions belonging to each member of the solar system. 

Doubtless, if we reason by the analogies which are permitted us, there 
are strong probabilities that most of the planets and their moons are inha- 
bited. But what is the organisation of the vegetable and animal kingdoms 
which people them? Of this it is difficult to form an idea, in the actual 
state of our knowledge. 

But is it not probable that the ages of the planets are very different, 
and that, if we suppose that they all must pass through the same geological 
phases, these phases will be far from being the same at the same epochs ? 
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COMPARATIVE DIMENSIONS OF THE SUN, THE PLANETS AND THEIR 
SATELLITES. 


PART THE SECOND. 
THE SIDEREAL SYSTEM. 


BOOK THE FIRST.—THE STARS. 


LET us imagine a sphere, having the Sun for its centre, the ideal surface of 
which lies at a distance of thirty times the mean radius of the Earth's orbit; 
this sphere will comprise in its vast extent all the celestial bodies, the comets 
excepted, which periodically effect their revolutions round the Sun, and of 
which we have described the movements and physical constitution. 

Do other planets exist more distant still than Neptune ? and do the 
comets of Jong period which, after having shone once in our regions, bury 
themselves in depths exceeding many thousands of times the distance of 
the Sun from the Earth, really belunz to our system ? 

These are questions which at present cannot be answered, and for the 
solution of which we must wait, perhaps for centuricy. We may, therefore, 
be allowed to regard the sphere which we have just imagined, as fixing an 
approximate limit to the dimensions of the Solar System. 

Let us, however, in thought, triple the radius of this sphere; let us 
give it a radius of a hundred radii of our orbit, that is. a radius of some 
J,200,000,000 miles,—an enormous distances, which the Imagination can 
with difficulty grasp, and which a ray of light would require more than 
eleven days to traverse, in spite of its extraordinary Velocity of 186,000 
miles a second ! 

Nevertheless, we shall soon see that this immense line is but a point, 
when we compare it with the dimensions of that part of the universe which 
our sight is able to grasp. The nearest of the innumerable systems which 
people that universe would be removed from the then confines of the solar 
system to a distance two thousand times greater than the radius of our 
imaginary sphere. We cculd scarcely hope, therefore, that it would ever 
be possible, even with the aid of the most powerful telescopes, to make out 
the physical peculiarities of celestial bodies so immensely distant. But 
thanks to some ingenious appliances and tu methods of an extreme delicacy, 
the latest investigations have furnished observers with a rich series of in- 
teresting phenomena. 

The constitution even of the visible universe has thus by degrees been 
revealed; the distribution of the various Lodies, their groupings and move- 
ments, the intensity and colour of their light, aud a thousand other inter- 
esting facts, are so many points, the positive knowledge of which now 
surrounds sidereal astronomy with the highest interest. 
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We are, therefore, about to -consider the Heavens as a whole and in 
detail. The knowledge we have acynired of the system to which the 
Earth belongs will be a great help to us in this study, as it will continually 
afford us points of comparison to reason by analogy on other systems. 


I. 
THE STARS. 


Scintillation of the Stars— Apparent Fixity of their relative Distances— Number of 
Stars visible to the Naked Eye—Approximnte Number of Stars visible in 
Telescopes. 

No sight, as we said at the beginning of this work, is at once so awe- 
inspiring and so grand as that of the Heavens on a beautiful night. If 
care be taken to choose as a stand-point for observation an open place, such 
as a plain or the summit of a hill on land, or, again, the open sea; and if 
the atmosphere, somewhat charged with dew, possess all its transparency 
and purity, we shall see thousands of luminous points twinkling in all 
directions, accomplishing slowly and together their silent march. The 
contrast of the obscurity which reigns on the surface of the Earth with the 
brightness of that resplendent vault, gives an indefinite depth to the 
celestial ocean that deepens over our heals. But let us here leave the 
magnificence of the spectacle, to study it in its most minute details. 

Let us commence with the appearances. A character common to all the 
stars js an incessant and very rapid change of brightness, which has received 
the name of scintillation. This is accompanied by variations of colour 
equally rapid, due to the same cause as the successive disappearances and 
reappearances. All stars scintillate, whatever may be their brilliancy, at 
least in our temperate regions. Dut the intensity of this luminous move- 
ment is not the same in all, and it varies, moreover. both with the degree 
of purity of the sky, the elevation of the stars above the horizon, and the 
temperature of the night. 

According to Arago, scintillation is due to the difference of velocity of 
the various-coloured rays traversing the unequally warm, unequally dense, 
unequally humid atmospheric strata. ‘Thus, in tropical regions, where the 
atmospheric strata are more homogeneous, scintillation is rarely observed 
in stars the elevation of which above the horizon is more than 15°, or the 
sixth of the distance of the horizon from the zenith. ‘ This circumstance,’ 
says Humboldt, ‘ gives to the celestial vault of these countries a particularly 
calm and soft character.’ 

a\s to the planets, they scintillate little or not at all; it is rare that traces 
of this phenomenon are observed in Saturn or Jupiter, but it is more percep- 
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tible in Mars, Venus, aud Mercury. This difference suffices, in our climates, 
to afford to those who are not very familiar with the configuration of the 
celestial groups the first means of distinguishing a planet from a star. 


Another specific character of the stars is, that their diameters are with- 
out appreciable dimensions. To the naked eve this distinction would be 
insufficient, since, the Moon and the Sun excepted, the most considerable 
planets have not sensible diameters. But. while the magnifying power of 
optical instruments shows us the principal planets under the form of clearly 
defined disks, the most powerful glasses only show a star as a luminous 
point. The distance which separates us from these bodies is so great, that 
there is nothing to astonish us in such a result. 

Wollaston affirms that the apparent diameter of the most brilliant star 
in the heavens, Sirius, is not more than the fiftieth part of a second of arc. 
But let us hasten to say that this result still leaves a good margin as to 
the real dimensions of the star, since, at the distance of Sirius, an apparent 
diameter of this size would represent a real diameter of 11,00U,000 miles ; 
that is, twelve times the diameter of our Sun. 

Let us add, lastly, that the absence of appreciable apparent dimensions 
does not suffice to distinguish absolutely the stars from the planets, since a 
certain number of the latter, as we have before seen, appear in telescopes 
only as simple luminous points. Let us come, then, to a permanent specific 
character, the knowledge of which will always prevent us from confounding 
a star with one of the known or unknown bodies which form part of our 
solar group. This characteristic is as follows :-— 

The stars, properly so called, preserve among themselves—nearly enough 
for our present purpose—the same relative distances. They form, then, on 
the celestial vault apparent groups, the configuration of which is nearly 
invariable. Centuries must elapse to show a change of form, unless we 
employ extremely delicate measures. A planet, on the contrary, moves 
rapidly across these groups, to such a degree that, in the interval of a 
night, or at most of a few nights, this displacement is very perceptible ; 
hence the old denomination of fixed stars, in opposition to the wandering 
ones, or planets. 

We must be careful, however, to guard against assigning to this word 
a rigidity which it does not possess, for we shall shortly see that the stars 
really move with a velocity not inferior to that which animates the members 
of our system. Their immense distance is the only cause of their apparent 
immobility, which vanishes when precise observations, embracing a suffi- 
cient interval of time—some years, for example—are made. 


A fact which strikes every one is the great diversity of brightness in 
the stars which people the heavens. All degrees of intensity are remarked, 
from the resplendent light of Sirius to the scarcely perceptible glimmer of 
those hardly visible to the naked eye. 
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Whence arises this difference of brightness ? This question we cannot 
answer for any star in particular; but it is easy to imagine that it may 
result from various circumstances, such as their less or greater distance, 
the real and various dimensions of the bodies. and, lastly, the intrinsic 
brightness of the light peculiar to each. However this may be, astronomers, 
without regard to the unknown causes which may influence the intensity of 
the stellar light, have divided stars into classes or magnitudes: and when 
we speak of a star of the first, second, or fifth magnitude, it is understood 
that this way of speaking refers only to the apparent brightness, and that 
nothing is affirmed either as to the real dimensions or distance, or even 
intrinsic brightness,* 

Besides, as the stars, arranged in the order of their brightness, would 
form a progression decreasing Ly imperceptible degrees, the classes adopted 
are themselves conventional and arbitrary. The first six magnitudes 
comprise all stars visible to the naked eye. But the use of the most power- 
ful telescopes brings to view stars of feebler light, descending to the sixteenth 
and seventeenth magnitudes. In truth, the progression has no inferior 
limit ; it extends more and more in proportion as the progress of the op- 
tician’s art increases the penetrating power of our instruments. 

To gain an idea of the respective intensities of the light emitted by the 
stars of the first six magnitudes, following the scale adopted by astronomers, 
the following drawing should be inspected ; in it the stars are figured by 
disks, the surfaces of which are in propcrtion to their brilliancy. 





Fig. 126.—Relative brightness of tho stars of the first six magnitudes. 


But, we repeat, it must not be thought that the stars ranked in the 
same class are, on that account, of the same brightness.t Thus the light 
of Sirius is estimated at four times that of the star Alpha (or «) Centauri ; 
but both, nevertheless, are included by astronomers in the number of the 
stars of the first magnitude. 

We here give the names of the twenty most brilliant stars of the two 


* What we have said of a particular star is not rigorously true when the whole 
ef the stars are considered. The calculus of probabilities enables us, in this case, 
to deduce from the brightness of the stars of a certain size some inferences on their 
mean distances. We shall return to this point. 

+ [Astronomers not only class the stars in magnitudes, but tabulate them in the 
order of their brightness in each constellation, the principal stars being denoted by 
the letters of the Greek alphabet. A star is described by a Greek letter, followed by 
the name of the constellation in Latin: thus 2, or Alpha Centauri, denotes the 
brightest star in the constellation of the Centaur. 6 Lyrm is the second brightest 
star in the Lyre, and so on.) [The order of brightness is, however, not very strictly 
adhered to.—R. A. P.] 
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hemispheres, which it is usual to consider as forming the first class. They 
are here arranged in the order of their brightness :— 


1. Sirius. 11. Achernar. 

2. Eta (mn) Argis.* 12, Aldebaran. 

8. Canopus. 13. Beta (8) Centauri. 
4. Alpha («) Centauri. 14. Alpha («) Crucis. 
5. Arcturus, 15. Antares. 

6. Rigel. 1(, Atair. 

7. Capella. 17. Spica. 

8. Vega. 18. Fomalhaut. 

9. Procyon. 19. Beta (6) Crucis. 
10. Betelgeuse.t 20. Pollux, 


Lastly, Regulus, a bright star in the constellation of the Lion, is also 
ranked by some astronomers in the first magnitude, while others only admit 
in this class the first seventeen stars in the above list. These divergencies 
are of no importance. 

In proportion as the scale of brilliancy or magnitude is descended, the 
number of the stars contained in each class rapidly increases. The number of 
second-magnitude stars in the entire heavens is about 65; of the third about 
200; of the fifth, 1100; and of the sixth magnitude, 3200. Adding these 
numbers together, we obtain a few over 5000 stars of the first six magnitudes, 
and these comprise very nearly all those that can be seen with the naked eye. 

The smallness of this number nearly always astonishes those who have 
not tried to form an exact estimate of the number of stars which shine in 
the celestial vault on the most favourable nights. 

The aspect of the multitude of sparkling points which are scattered over 
the sky makes us disposed to believe that they are innumerable, and to be 
counted, if not by millions, at all events by hundreds of thousands. This 
is, nevertheless an illusion. AJl observers who have taken the trouble to 
make an exact enumeration of the stars visible to the naked eye, have 
arrived at a maximum of 3000 as the mean number which can be observed 
in every part of the heavens, visible at the same time, at the same place: 
this, of course, is but half of the entire heavens. 

Argelander has published an exact catalogue of the stars visible on the 
horizon of Berlin during the course of the year. This catalogue com- 
prises 3256 stars.t According to Humboldt, there are 4146 visible on 
the horizon of Paris in the whole course of the year; and as this number 

* It will be seen, subsequently, that the brightness of this star undergoes 
astonishing changes. : 

+ The brightness of this star is variable ; it has recently descended to the sixth 
magnitude. 

t M. Heis (of Munster) affirms that his sight is so penetrating that he can per- 
ceive with the naked eye 2000 more stars than those catalogued by Argelander in 
his Uranometria Nova. On the other hand, there are many eyes which distinguish 
at most stars of the fifth magnitude, and do not see any of those of the sixth. 

The degree of visibility of the stars to the naked eye depends also on the state of 
the atmosphere, onits degree of purity, and on the altitude of the place. Londoners, 
to be assured of these differences, have only to compare the sparkling sky of the 


country with that which they see through the haze which almost constantly envelopes 
their city. 
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increases in proportion as we approach the Equator, that is to say, in 
proportion as the double movement of the Earth unfolds to us during a 
year © more extensive portion of the heavens, 4638 stars are already visible 
to the naked eye on the horizon of Alexandria. 

We repeat. the maximum number is comprised between 5000 and 
G00U stars fur the entire heavens,* including those seen by the most 





Fig. 127.—A part of the constellation of the Twins, as s.cn through a telescope + 


piercing and most accustomed eyes in the best nights for observation. 
When the atmosphere is lit up by the Moon, or by twilight, or, as happens 
in the great centres of population, by the illumination of the houses and 
streets, the lowest magnitude stars are effaced altogether, and the number 


* [In the British Association Catalogue, which is intended to include all stars 
visible to the naked eye, without exception, there are near’y 5900 stars inarked as of 
sixth magnitude and upwards. (The catalogue contains, however, 8377 stars in all.) 
This catalogue may be regarded as the most complete yet made, so far as the visible 
stars are concerned. On this account I have selected it as the basis of my large Star- 
Atlas, which includes all the £900 stars above referred to.—R. A. P.] 

+ This drawing is the reproduction, on a small scale. of one of .he maps of the 
beautiful Ecliptic Atlas puLiished by M. Chaeornac. 
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of those visible is consequently much more limited. We may add, in 
conclusion, that the more decided the scintillation, the more easy is it to 
distinguish very faint stars. 

A word now on the number of stars that can be seen with the help of 
the telescope. Here we shall find the numbers which our imagination 
had erroneously led us to believe are visible to the naked eye. 

According to the illustrious Director of the Observatory of Bonn— 
Argelander—the seventh magnitude comprises nearly 13,000 stars; the 
eighth, 40,000; and lastly, the ninth, 142,000. The calculations of 
Struve give the total number of stars visible in the entire heavens, by the 
aid of Sir William Herschel’s 20-feet reflector, as more than 20,000,000. 
But, without doubt, these approximate numbers are much below the real 
ones. It will be seen, besides, that the richness of the different parts of 
the heavens in stars is very unequal. ‘The bright zone known under the 
name of the Milky Way alone contains, according to Herschel, 18,000,000. * 

Nothing is more curious than to examine, both with the naked eye 
and by the aid of a telescope, the same part of the sky. 
There, when the eve scarcely distinguishes a few scat- 
tered stars, the telescope reveals thousands. The two 
figures (127 and 128) will enable those of our readers 
who do not possess a telescope to judge of the surprise 
experienced by those who make this observation. . 

These drawings represent the same part of the con- "i, 1287 The same 
stellation of the Twins. The naked eye is able to see tien of the Twins 

‘ : . (Gemini) seon with 
six stars. Now the same celestial region, seen by the the naked eye. 

aid of a refractor of six inches aperture, contains 5205 stars, varying from 
the third to the thirteenth magnitudes. It appears as a perfect mass vu. 
luminous points; and were we to apply to the same region instruments 
still more powerful, the eve would then discover at depths, so to speak 
infinite, stars of all the smaller magnitudes. 





* M. Chacornac considers this estimate as even less than the number of stars 
comprised between the first and thirteenth inagnitudes. ‘ For my part,’ he remarks, 
‘according to Sir William Herschel’s guages, and those of the Ecliptic Charts, I 
estimate at 77,000,000 the number of stars comprised in the first thirteen magni- 
tudes, if we take the mean indicated in the preface to the Catalogne of Bessel’s 
Zones, reduced by Weiss.’. What would the nuinber become if we added to these 
already prodigious estimates, all the stars of which the various star-clusters now 
known are composed ? 
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II. 
THE CONSTELLATIONS. 


General Survey of the Starry Heavens —Constellations visible on the Horizon of 
London — Northern Circumpolar Zone. 


Berore studying one by one the phenomena which the starry heavens 
present to us—before penetrating, so to speak, to the heart of the visible 
universe, to grasp its marvellous structure, and to embrace in thought its 
tremendous extent, it is well to familiarise ourselves with the groups of 
stars such as they are presented to the eye of an inhabitant of the Earth. 
The movements with which the so-called fixed stars are endowed, are 
effected, as we have before said, with extreme slowness: it follows, there- 
fore, that the artificial groups or constellations preserve for a long period 
the same configurations. This constancy of form, joined to the difference 
of brightness of the principal stars, will enable us to extricate ourselves 
from the apparent chaos produced by so many luminous points scattered 
on all sides on the celestial vault. When we shall possess, in a manner, a 
mental map of the sky, we shall be able to follow with more interest the 
particular features which distinguish its various regions, which are as 
varied in reality as they are at first uniform in appearance. 

In order to make this survey of the heavens we must choose a station. 
Let it be London. As our globe, by virtue of its diurnal movement, 
completes an entire rotation on its axis in about twenty-four hours, it 
follows that the portions of the celestial vault, visible at our station, will 
completely defile before us during that time. Twenty-four hours, then, 
would suffice us to make our survey, if the illumination of the atmosphere 
did not efface the stars during the day. The succession of day and night, 
in fact, allows us only to see a portion of the visible stars in a given place 
at the same time of the year. 

Fortunately, however, owing to the movement of the Earth in its orbit, 
this difficulty disappears. In consequence of this movement, each night 
shows us fresh stars, whilst those first visible disappear. In the course of a 
year, then, the Earth presents a dark hemisphere to every part of the sky— 
to all those parts, at least, which are visible on the horizon of our station. 

Lastly, it must not be lost sight of, that even then one entire part of 
the celestial vault will ever remain invisible to us Lontoners. Let us re- 
call what is the effect of the diurnal movement of rot#' un on the aspect of 
the heavens in any given place like London, the sta:ion we have chosen. 
A point situated at a certain height above its hoiizon, and towards the 
north and on the meridian, remains immovable. It is one of the poles. 
Starting from this point in our survey, the stars seem to describe, from 
rising to setting, larger and larger circles, in proportion as they are situ- 
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ated further from the pole. As long as the lower arcs of these circles do 
not touch the horizon, the stars situated on them do not rise or set, and 
therefore remain constantly visible: these are the northern circumpolar stars. 

Beyond these, however, the circles described plunge partly below the 
horizon ; they increase as far as the equator, on the other (the south) side 
of which the stars describe shorter and shorter arcs. The last ones in 
our survey scarcely rise above our horizon, and when they do, shortly set 
and disappear. 

It follows, then, that there is a zone of stars which never rises-above 
the horizon of London, and which remains for ever invisible to all places 
of the Earth having the same latitude. These stars are those which sur- 
round the southern pole of the heavens, and which an observer would become 
acquainted with by degrees, in approaching the equatorial regions of the 
Earth.* 

The whole of the heavens, then, in our middle latitudes, may be con- 
sidered as forming three zones ; the first always visible at night when the 
sky is clear, whatever may be the time of year, the second visible in part 
only on any given night, the third always invisible. 

Let us successively pass these three zones under review. Let us occupy 
ourselves first with that which is always in sight when the sky is clear, on 
all points of the Earth which have the same northern latitude as London. 
From the mouths of the Thames and Rhine, as far as the southern ex- 
tremity of Kamtschatka, passing by Antwerp, Cassel, Central Poland, 
Orenbourg, Southern Asiatic Russia, and Northern China, in the Old 
World, and the Aleutian Islands, Queen Charlotte’s Island, and the 
southern part of British North America in the New, all the inhabitants of 
the parallel of which we speak view the same spectacle during the whole 
year ; the hour only, at which the various constellations are on the whole 
year; the hour only, at which the various constellations are on the meridian 
of the different places, differs. 

Suppose it midnight, at the end of autumn, near the 20th of December; 
it is the night of the winter solstice. Let us look towards the north. Let 


* By virtue of the two movements of the Farth, and of its spherical form, the 
portion of the celestial sphere visible in any part of the globe varies with the latitude 
of the place. 

At the Equator the whole sky, both northern and southern, passes before our 
view at night, during the entire year. The two poles lie on the horizon, of which 
they mark the north and south points; the celestial equator crosses the sky from 
east to west, passing through the zenith. 

In proportion as we travel from the Equator towards one or other pole, the por- 
tion of the visible sky diminishes even down to the half, for at the poles themselves 
only one-half of the heavens, north or south, according to the pole, is seen. The 
celestial equator then forms the horizon, and the celestial pole is in the zenith. 

[A little thought will show us that, as seen from the poles, the stars never set, 
they perpetually describe circles parallel to the horizon. At the Equator, all rise 
and set every day ; the movements of the equatorial stars being vertical. In mid 
latitudes, the paths of the equatorial stars are intermediate between these two main 


directions. ] 
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us imagine a circle which, touching the horizon at the north point, extends 
somewhat beyond the zenitl.* The centre of this ideal circle will be 
found a little above a point nearly equidistant between the zenith and the 
horizon : it is the Northern Pole of the Heavens. Near this point is seen 
a rather brilliant star of the second magnitude; it is named the Pole Star. 
As it is important to know how to recognise this star, the position of 
which remains nearly invariable during the whole course of the year, we 
will show how this may be done. 

If we examine fig. 129, we shall find a group of seven stars, six of the 
second magnitude, one of the fourth. It composes a constellation of the 
northern heavens known for ages under the name of the Great Bear. Let 
us scan well this part of the sky, whence we shall soon make many alignments 





Fig. 129.—The sky of the horizon of London. Northern Circumpolar constellations. 


to help us in our survey of the starry heavens, The seven stars of which it 
is composed may he divided into two groups, the first of which, towards the 
-upper part, forms a quadrilateral, which is called the body of the Bear, whilst 
the three lower stars form the tard. The two extreme stars of the body 
are called the pointers.| Six of the seven principal stars of this constel- 
lation are of nearly equa) brilliancy, and of the second magnitude. But 
it is easy to perceive, with the naked eye, that the star in the body of the 
Bear nearest to the tail is inferior in brilliancy to the others: it is now, 
indeed, only a fourth-magnitude star, although in the seventeenth century 
it was as bright as its neighbours. 


* The zenith isthe point of the heavens situated vertically above the head of 
the observer. 


+ The Great Bear has also been called ‘ Charles’ Wain.’ 
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The star in the middle of the tail (or shaft, if we think of Charles’ 
Wain) is accompanied, on the left, by a very small star called Alcor, casily 
enough distinguished by an ordinary eve.* The naked eye perceives 138 
stars in the Great Bear, amongst which, besides the principal seven. are 
eight stars of the third magnitude, and six of the fourth; the others belong 
to the two last orders of brightness perceptible to the unassisted vision. ° 
From the Great Bear let us return to the Pole Star. 

To do this, let us prolong the straight line which joins the pointers (so 
called because they point to it), carrving our eye along this line towards 
the centre of the portion of the sky in our sight when looking north. At 
a distance of about five times the space which separates these two stars we 
shall find the Pole Star. The Pole Star plays an important part in the 
northern heavens, since, being very near the pole, it is, so to speak, one of 
the pivots of the ideal axis round which the Earth executes its real diurnal 
rotation. and the Heavens their apparent one in the opposite direction. 
It follows, therefore, that it appears immovable, and always preserves the 
same elevation above the horizon, while the other stars describe round it 
circles of unequal size. Thus the Great Dear, situated to the east of the 
pole at the time we have chosen for the commencement of our inspection, 
mounts towards the zenith as the night advances. Towards six o'clock in 
the morning it will be above, or to the south. of the Pole Star; whilst at 
six in the evening it will occupy a yosition diametrically opposite, below 
the pole and near the horizon. 

As all the stars participate in the movement, it is clear that. as their 
relative positions do not change. the figures of the groups remain always 
the same. This must be well borne in mind. Two the west of the Pole 
Star, at the same height above the horizon as the Great Bear, and at 
nearly the same distance from the pole. is seen another ‘group of six stars, 
of which two are of the second magnitude, three of the third. and one of 
the fourth. This is the constellation Casstorea,t which contains sixty- 
seven stars visible to the naked eye. The six which we have mentioned 
form a kind of reversed chair, or a bad W, the figure of which, once 
thoroughly caught, renders this constellation easy to recognise. 

Between the Great Bear and Cassivpea is the Lirtie Bear, of which 
the Pole Star is the most brilliant star. Of the twenty-seven stars visible 
to the naked eye which compose it, there are seven which form a figure 
having a great resemblance to the seven stars of the Great Bear, but arranged 
in an inverse order: the four intermediate stars are seen with difficulty. 

Below the Little Bear a series of stars forms a sinuous line prolonged 
nearly to the pointers, and terminated at one extremity by a group of four 
stars arranged in the form of a trapezium. This is the Dragon, which, 

* Humboldt affirmed that Alcor could be but rarely seen with the naked eye in 
Europe. Let our readers judge of its present brightness for themselves. 
+ By drawing a line from the middle star of the Great Bear (the least brilliant 


of the seven), to the Pole Star, and prolonging it to a nearly equal distance, the star 
Beta (8) Cassiopes is reached. 
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among 130 stars visible to the naked eye, contains only one of the second 
magnitude, and nine of the third. 

Ceruevs, the Grrarre, and the Lywx, are three other constellations 
near the pole: the first between the Little Bear and Cassiopea; the second 
Opposite the Dragon ; the third on the same side as the second. Neither 
one nor the other offers anything very remarkable, especially the Giraffe 
and the Lynx, all the stars in which constellations are at most of the fourth 
magnitude. 

Among all the stars which, on the horizon of London, never sect, the 
brightest is a star of the first magnitude, known under the name of Capella, 
in the constellation of Auriga. 

About the 20th of December, at midnight, Capella is near the zenith. 
This remarkable star can be found by prolonging the line which joins the 
two stars of the quadrilateral of the Great Bear, nearest the pole. Auriga, 
which contains sixty-nine stars visible to the naked eye, comprises, besides 
Capella, one star of the second magnitude, and three others between the 
third and fourth. 

In the number of the constellations visible, at least partly, during the- 
whole year, the stars of which, as they surround the pole, have, as we 
have seen, received the name of Circumpolar stars, must be ranked Pen- 
NEUS, situated near Auriga. It occupics, at the time we have chosen, 
a western position, relatively to this latter constellation, above Cassiopea. 
Of eighty-one stars visible to the naked eye, one is of the second magni- 
tude, six are of brightness superior to the fourth. Among these latter is 
Algol, noted for its variable light, alternately passing from the second to 
the fourth magnitudes. We shall speak, further on, at some length on 
this singular star. 

Before continuing our description of the celestial vault, and of the 
groups into which the stars have been formed, we will say one word on 
the aspect of the Northern Circumpolar Zone. 

We have supposed, to describe it, that the time of observation was 
midnight, on the 20th of December. But it is easy to find the actual 
appearance and the positions of the various constellations for any hour of 
the night or any night of the year. We know that the entire rotation of 
the diurnal movement is effected in twenty-four sidereal hours. In six 
hours, therefore, a quarter of the total movement is accomplished, and it 
therefore follows that a constellation—such as Cassiopea, for example— 
which at midnight is to the left of the pole, was above it at six o'clock 
in the evening, and will be found below it, near the horizon, at six in the 
morning. 
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. Our survey (continued), Equatorial and Southern Constellations visible on the 
Horizon of London. 


Let us return to the stars visible at midnight on the 20th of December. 

This immense zone very nearly embraces half the horizon from east to 
west, passing by the south, and extending in altitude to the zenith. It 
comprises the most beautiful constellations and the most brilliant stars in 
the heavens. It is divided obliquely by the Milky Way. 

Orion occupies nearly the middle view. This magnificent constellation 
forms a quadrilateral, higher than it is broad, in the centre of which three 
stars of the second magnitude are arranged in a straight line. 

Two of the stars of the quadrilateral, named Betelgeuse and Rigel, are 
of the first magnitude. Betelgeuse is remarkable for the reddish tint of its 
light. Among the 115 stars visible to the naked eye, besides the two most 
brilliant, are included four of the second magnitude, and five between the 
second and the fourth. 

In prolonging towards the north-west the line formed by the three stars 
in the belt of Orion—the name given to them—the eye perceives a red star 
of the first magnitude: this is Aldebaran, the most beautiful star of the 
constellation of the Buti. Aldebaran is in the midst of a group of small 
stars named the Hyades. A little further, in the same direction, will be 
found the Pleiades, so easy to recognise in the heavens by reason of the six 
stars visible to the naked eye, which compose this interesting group. The 
Bull contains 121 stars visible to the naked eye below the second magni- 
tude. 

If now we prolong towards the south-east of Orion, the line which has 
found for us Aldebaran on the north-west, we perceive, near the edge of 
the Milky Way, the constellation of the Great Dog, which includes Sirius, 
the most brilliant star in the two hemispheres, remarkable on account of 
its scintillation and by its dazzling whiteness. 

Towards the west, and nearly at the same height as Betelgeuse, shines 
Procyon, on the other side of the Milky Way. This is a star of the first 
magnitude, and the most brilliant one in the constellation of the Lirtux 
Dog. Betelgeuse, Sirius, and Procyon, form a triangle, the three sides of 
which are nearly of the same apparent length (fig. 130). This circumstance 
enables us easily to recognise these stars. 

Above Procyon, and towards the zenith, Castor and Pollux point out 
the Twins, which include, besides these two stars of the first and second 
magnitudes, fifty-one stars visible to the naked eye. ‘Towards the west, and 
by the side of the Pleiades, lies the constellation of the Ram, and, a little 


Before passing these under review, we may mention that the southern 
horizon presents the same aspect at the epochs and hours mentioned 
below :— 

Midnight . . . . .- . .* 20th of December. 
Six o'clock im the ia es . 22ud of Mare. 


Noon. . . 20th of June. 
Six o'clock i in the morning . 22nd of September. 


Irom the 20th of December, the t’'me of the winter solstice. to the 





Fig. 180.—The Heavons on the horizon of London. Equatorial zone. Orion. 


22nd of March—the vernal equinox—}hy reason of the Earth’s jour- 
neying along its orbit, the part of the heavens opposed to the Sun, ana 
therefore visible at night, changes progressively. By this movement from 
west to east, we gradually see new eastern constellations at the same hours 
of the night. 

Thus, by the 22nd of March, at midnight, the aspect of the southern 
starry vault has almost entirely changed, and in place of Orion, which is 
then setting, the Lion occupies the centre. The Milky Way is inclined 
to the west, and cuts, the horizon towards the north. 

The principal stars of the Lion form a kind of trapezium, the western 
side forming a half-circle like a sickle. It is at the lower extremity of 
the handle of this instrument that Regulus, a star of the first magnitude, 
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which is also named the Lion's Heart (Cor Lconis), shines. Lenebola is 
the star situated at the other extremity of the trapezium. Of the seventy- 
five stars visible to the naked eye in this constellation, without counting 
Regulus, there are three of the second magnitude and five of the third. 
Three stars of the first order shine with Regulus in the heavens visible to 





a 


Fig. 181.—The Heavens on the horizon of London. Equatorial zone. The Lion. 


us, at the time we have chosen. In the south-west, Procyon is not, yet 
set. Then, at the same altitude as this star, but to the east of the Lion, 
is Spica in the Viners, which will soon ascend the meridian ; and, lastly, 
Arcturus, the most brilliant star in the constellation Bobtes. Spica, 
Arcturus, and Denebola form the summits of a triangle, the sides of which 
are nearly equal, and of which the-line which joins the two latter stars 
forms the base, nearly parallel to the horizon (fig. 131). 

The Virgin and Dodtes arc, with the Lion, the most important con- 
stellations in view. The first contains o hundred, and the second eighty- 
five stars visible to the naked eye, amongst which sixteen exceed in bril- 
liancy stars of the fourth magnitude. Between the Lion and Bodutes, a 
cluster of stars lying very near together is perceived: this is BerENICE’s 
Hain. To the east of Arcturus, six stars, arranged in a half circle, the 
most brilliant of which is named A/pheta, form the NortuEenrn Crown, 
below which are found the Head of the Szerrent and Oruiucnvus. Lying 
round Spica, and a little below, towards the horizon, are distinguished 
the Batance, the Crow, and the Cur. The two first constellations only 
contain a few stars of the second magnitude. Lastly, in the mist on the 
horizon appear a few stars of the Scorrton and the Centaur, constel- 


“Mareh 22nd . . 
June Shh . . ‘ 
September 220d : 
December Ath . . 


4 
« 
* 
s 


e 
e 
es 


Midnight. 


Six o'clock in the aventans 
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Six o'clock in the morning. 


On the 20th of June, at midnight, another part of the equatorial zone 


passes before our eyes. 


The constellations of the Northern Crown and Bodtes, the Serpent, 
the Balance, and the Virgin, which, on the 22nd of March, occupied the 





Fig. 182.—The Heavens of the horizon of London. Equatorial zone. 


eastern part of the starry vault, are now at the west. Arcturus is 


situated vertically above Spica. 
large branches, rises obliquely 


north-east. 


The Milky Way, now divided into two 
from the southern horizon towards the 


* We must here make, with reference to the 20th of June, the same remark for 
six o'clock in the evening in summer as we have already done for midday: the 
brightness of the atmosphere renders the stars invisible. 
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Three stars of the first magnitude shine at unequal heights in three 
different constellations. These are, going from west to east, Antares, or 
the Heart of the Scorpion, which scarcely rises above the horizon near the 
Milky Way. Afterwards comes Vega, in the Lyre, which is nearly in 
the zenith, and, lastly, at a mid height, Atazr, in the Eaaue. 

A. few words on the constellations now in view. 





Fig. 133.—The Heavens of the horizon of London. The Lyre, Swan, und Eagle. 


We have first, to the west of the Northern Crown, nearly in the 
zenith, Hercuies, which, in a total number of 155 stars visible to the 
naked eye, includes only two approaching the second magnitude, and ten 
between the third and fourth. It is towards a point in this constellation, 
as we shall see anon, that our Sun is actually travelling, carrying with 
him all his system of planets, satellites, and comets. 

To the east of Hercules is the Lyre, where we have already noticed 
the brilliant and white Vega, easily recognised by the four stars which 
form below it a little parallelogram. 

Still going towards the west, to the left of the Lyre, the constellation 
of the Swan is noticed: this traverses the Milky Way, and its most 
brilliant star, Alpha Cygni, is between the first and second magnitudes. 
This star forms, with four others of the third magnitude, a large cross, 
which at this hour is inclined to the horizon, and serves to oeigaes the 
constellation to which it belongs. 

Alpha Cygni forms also, with Atair and Vega, a large iucaesles 
triangle, that is, a triangle two sides of which are nearly equal.: In the 
Swan is found a small star which, though ecarcely visible to the naked eye, 
is celebrated in astronomical annals as being the first the distance of which 


28t THE SIDEREAL SYSTEM. 


has been measured. The Swan contains 14d stars perceptible to the 
unaided sight. 

The Fox, the Arrow, the Dotpuin, between the Lyre, the Swan, and 
the Eagle, contain no remarkable star. 

Near the horizon towards the east are perceived the constellations of 
the Waterbearrer and of the Goat; then, partly in the Milky Way, 
the Arncuer. Here we again meet the stars of the Scorpion, amongst 
which is Antares, which will soon disappear under the horizon, with the 
four stars with which it forms a sort of fan. 

Above the Scorpion, OrHiucuvs and the Serrent arc entirely visible. 
Tour stars of the second magnitude, and seventeen between the second 
and the fourth, are met with in these constellations. 

And here we finish our survey of the equatorial zone of stars visible at 
midnight at the summer solstice. This zone presents the same appearance 
at the four following epochs :— 


June 20th...) . ee) C Midnight. 

September 22ud =...) . ) OSix o'elock in the evening. 
Deceinber 20th 2...) . . Noon. 

Mareh 22nd 2... . ]) .) 6OSix o'clock in the morning. 


Tt remains for us. in order to finish our description of the stars visilie 





Fig. 134.—Tho Heavons of the hvrizon of Lonion, Equatorial z me. 


above the horizon of London, to pass in review the constellations of the 
equatorial zone, as they appear at midnight at the autumnal equinox. 

If at that time—the 22nd of September, at midnight, —we turn our 
eves towards the south, we embrace in our view all the region of the sky 
which extends from the west to the east as far as the zenith. 
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In the west appears Atair, in the Eagle, and higher up the Swan; at 
the east, the Pleiades, and the But, in which constellation shines Alde- 
baran. Orion, already partly visible, will soon mount above the horizon. 
We have surveyed, between December and September, three quarters of 
the sky, which have defiled before our eyes, or rather the whole starry 
vault, if we include the stars now visible. 

Towards the middle of the heavens, a little nearer the zenith than the 
horizon, lies a large square of four stars, three of which are of the second 
and one of the third magnitudes. Close to this, and on the eastern side, 
are three other stars of the second magnitude, about the same distances 
apart; these make of the square which we have mentioned a much more 
extended figure, having a great resemblance to the group of the seven 
principal stars of the Great Bear. Of these seven stars, three belong to 
the constellation of Peaasvs, three to ANDROMEDA, and, lastly, the most 
eastern one is no other than Algol, the variable star in Perseus. 

Andromeda and Pegasus contain between them 191 stars visible to the 
naked eye, amongst which twelve only exceed the fourth magnitude. 

Between the square of Pegasus and the Bull we meet with two con- 
stellations, the Fishes and the Ram: this latter contains only two rather 
brilliant stars, situated at nearly equal distances from the Pleiades and the 
two eastern stars of the square of Pegasus. Delow the Fishes and the Ram 
is the WuALt, some of the stars of which are below the horizon. 

Among ninety-eight stars visible to the naked cye in this constellation, 
six are between the second and fourth magnitudes, and two of the second. 

Among the first, one is very remarkable on account of the periodical 
variations of its brightness, which sometimes cause it to appear as a star 
of the fourth inagnitude, aud sometimes cfface it sufficiently to render it 
invisible ; this is Mira (the marvellous), or w Ceti. 

To the west of this constellation, we again find the Waterbearer and 
the Goat, then, quite to the south, and touching the horizon, the stars of 
the SourHenn Fisn, amongst which we may distinguish, if the atmosphere 
be pure, and terrestrial objects do not intervene, Fomalhaut, a beautiful 
star of the first magnitude. 

The zone, which we have passed under review, offers the same aspect 
at the following epochs and hours :-— 


September 22nd. . . . . Midnight. 

December 20th . . . . « Six o’clock in the evening. 
March 22nd... . . . Noon. 

June 20th. . .. . . ~ Six o'clock in the morning. 


Let us add, in terminating this rapid review of the southern part of 
the sky visible in London, that the figures which have helped us to recog- 
nise the different constellations may also be used at other epochs of the 
year,and at other hours of the night. Only, the stars rvill preserving the 
same relative positions, will be diversely inclined to the horizon. ‘The more 
the hour is advanced beyond midnight, then the more will the western 
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stars have disappeared, while more new stars at the east will be seen. 
This constant change, which results from the diurnal movement of the 
Earth, will be produced in the same manner, if we pass from one day to 
the other, or frum one month to the following one, so that at the same 
hour of the night the stars successively visible in the same part of the sky 
are situate in constellations more and more eastern. 

_ We have already said that this second apparent movement of the 
starry vault is due to the translation of the Earth in its orbit. This is 
effected with great slowness. Thus, for example, the displacement, which 
requires six hours of diurnal rotation, demands three whola months of 
aunual revolution. 


THE CONSTELLATIONS (Contrxvep). 


Our Survey of the Starry Heavens (continued)— Southe:n Circumpolar Zone— 
Stars invisible at London. 


From the northern hemisphere of the Earth, where we have been placed 
until now to observe the starry vault, let us transport ourselves to the 
southern one. Let us choose a place, the distance of which from the 
Equator is precisely the same as that of our first post, that is to say, one 
situated on the parallel which passes through the antipodes of London. 
Let us suppose ourselves, for example, placed on a part of the coast of 
Patagonia, near to the south point of South America. There, all the stars 
forming the Northern cireumpolar zone, which on the parallel of Paris 
never set, would be constantly invisible. Looking away from the Equator, 
that is to say, towards the North, we shall see pass before us, from one 
end of the year to the other, all the constellations of the equatorial zone 
which we have just described. 

But the stars will here be found arranged in an entirely inverse order, 
at Jeast relatively to the horizon; so that the two stars of the great 
quadrilateral of Orion, which in London formed the base, appear as the 
upper side; Sirius, which appears in the northern hemisphere to the left 
and below Orion, will be here found to the right, and higher on the 
horizon. This change of aspect is easily explained by the complete change 
of the observer's position. But if we look southwards, we shall be able to 
observe a number of stars unknown to the terrestrial zone which extends 
from the parallel of London as far as the northern pole. These are the 
constellations which surround the southern pole of the heavens, and which 
never set on our new horizon. If, then, we pass in review this zone, we 
shall have terminated our description of the whole celestial vault. 

Let us choose the 20th of December, the period of the winter solstice,— 
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the commencement of the warm season in the southern hemisphere. It is 
midnight, and the perfectly pure atmosphere permits us to contemplate the 
sky in all its splendour. ‘The Milky Way, ramified into diverse branches, 
rises slightly inclined on the horizon, on the left, that is, the eastern side. 
But what at first most strikes us in the celestial picture spread out before 





Fig. 185.—Stars invisible at London, Southern Circumpolar zone. The Southern Cross. 


us is the multitude of brilliant stars which follow the course of the Milky 
Way as far as the zenith, and, passing over our heads, go behind us, to 
rejoin Sirius, Procyon, Aldebaran, nearly on the northern horizon. 

Let us begin by the constellations which compose this glorious girdle. 

Nearly at the height of the pole, four stars, one of which is of the first, 
and two of the second magnitude, form an elongated figure lying parallel to 
the horizon. These are the principal stars of the SourHzrn Cross—the 
Pole-star of the South. 

Below the most brilliant star of the Cross, and between two branches 
of the Milky Way, two stars of the first magnitude point out the great 
constellation of the Cenrawn, in which the eye perceives five stars of the 
second magnitude. The Centaur extends to the east and north of the 
Cross, which it nearly entirely surrounds. We shall, in a future chapter, 
have occasion to speak of the brightest star of this constellation, which is 
not only remarkable for its light; we shall see that it forms a system of 
two suns, revolving one round the other; and also that it is the nearest to 
us among the stars the distances of which have been measured. 

Below the Centaur, and near the horizon, appear a great number of 
stars of the third and fourth magnitudes, which form the constellation of 
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Fig. 136.—Stars invisible at London. Southern Circumpolar zone. Argo. 


of the second magnitude, and some of the third, distinguish these con- 
stellations, the positions of which can be exactly recognised in figs. 135 
and 137. r 

In this enumeration of the circumpolar constellazions of the South, we 
have said nothing of the stars situated at the Pole itself. The reason is 
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simple; there are none deserving mention, and, with the exception of the 
star 8 Hydre, none approach the third magnitude. 

There is not, then, in the southern sky, any star analogous to Polaris 
in the northern heavens. But we have already seen that this poverty of 
the polar regions is singularly compensated by the number and brightness 
of the stars which entirely surround the zone which we have just described. 

Let us add, that outside the Milky Way, and in the vicinity of the 
least brilliant parts of the zone, appear two objects which give to the starry 
vault a very singular aspect; they are two whitish clouds of unequal size, 





Fig. 137.—Stara invisible at London. Southern Circumpolar zone. 


which geem, at first sight, detached portions of the Milky Way iteelf; 
these are the Great anp Lirriz Cioups which astronomers still desig- 
nate under the popular name of Magellanic Clouds. We shall subsequently 
describe in detail these curious appearances. 

Now, that the appearance of the sky is known to us, we will examine 
into it a little more closely, and study in detail these thousands of fires, 
these suns and groups of suns, which the telescope multiplies with such an 
astonishing profusion. 


C 
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V. 


DISTANCES OF THE STARS. 


Distances of some Stars from the Earth-~Time required by Light to reach the 
nearest Stars—A rough sketch of the Dimensions of the Visible Universe. 
Tae stars are suns. 

Each of those luminous points, which the unassisted sight reveals to 
us by thousands on the vault of heaven, which the telescope shows by 
millions in the depths of space, shines with its own light. Each star is a 
focus from which, doubtless, bodies analogous to the planets of our own 
system, and forming with their central sun a system similar to ours, receive 
light and heat. The stupendous conception, which affirms the whole 
visible universe to consist of an almost infinite multitude of suns, is no 
longer a pratuitous hypothesis, or a simple conjecture; it is one of the 
most firmly established truths of astronomy. 

The data which science now possesses relating to the immense distances 
of the stars, of those even nearest to the Sun, place the fundamental fact, 
that each star is a light-source, and does not shine with radiance borrowed 
from the Sun, beyond all doubt. 

. We will in this place go over the evidence on which this assertion 
depends. We shall, by-and-bye, endeavour to give an idea of the methods 
which have furnished it. 

As long as we were dealing with our own system, we found it possible 
to express the various distances by taking the diameter of our own globe 
as a standard measure—as a unit. Thus' we found the mean distance 
from the Earth to the Sun to be about 11,500 Earth diameters, or 
91,400,000 miles; and the vast distances which separate the Sun from 
the planets, situated on the confines of the Solar system, were expressed 
in the same manner. But when, breaking the bounds of our Solar system, 
astronomers wished to measure and to express the distances of the stars, 
even of the nearest among them, they soon found that the former unit, or 
sounding-line, vanished into a point compared with the immensity to 
which they had to apply it. 

Nay, even the radius of the terrestrial orbit itself, a measuring-rod of 
some 91,400,000 miles in length—a distance which a cannon-ball would 
require twelve years to traverse—was soon found insufficient, and still 
remains so for a great many stellar distances; but the improvements 
continually effected in the methods of observation, and in the measuring 
instruments themselves, have at length enabled some of our most celebrated 
astronomers to measure approximately the distances of some few stars, and 
to tell us how many radii of the Earth’s orbit they are removed from us. 

The first result obtained was in the case of a star, nearly invisible to 
the naked eye, situated in the constellation of the Swan, and marked 61 in 
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the star-maps and catalogues.* The distance of this star, the first in the 
order of discovery, the second in the scale of magnitude, is nearly three 
times as great as that of one of the brightest stars of the heavens, Alpha 
(a) Centauri, which, according to our present knowledge, is the nearest to 
us of all the stars. 

Alpha Centauri is distant from us more than 200,000 times the mean 
distance of the Sun from the Earth—about 19,000,000,000,000 miles. 
The most powerful imagination in vain tries to picture this fearful dis- 
tance; in vain the mind would heap line upon line, number upon number, 
to bridge the immensity of this abyss. Let us see if, by some other 
means, by images, or comparisons, we can—though certainly not with 
the precision which attaches to numbers—appeal to our senses to com- 
prehend this fact. 

Every one knows with what wonderful rapidity light travels; the 
light-waves are propagated at the rate of 186,000 miles a second. Now, 
a very simple calculation will show that a light-ray, leaving a Centauri, 
will not reach our eye till the end of three years and seven months. When, 
on the surface of our Earth, on this grain of sand belonging to the system 
governed by our Sun, we endeavour to picture to ourselves a long distance 
—a hundred or a thousand miles, for instance—it is with difficulty we 
can form an idea of it. We can only represent it well to ourselves by 
associating with the sense of sight the perception of time: we ask our- 
selves, for example, how many hours or days are necessary to accomplish 
the distance. What is, then, this distance of 186,000 miles which light 
traverses in a second? This distance is an abyss to our imagination. 

But, lastly, supposing we could grasp, as in a bird's-eye view, this 
distance, already so considerable, let us associate it with the short duration 
of a second; and then let us imagine that a single day of twenty-four 
hours contains 86,400 such intervals: and let us stay to contemplate the 
enormous distance to which the luminous ray would arrive after a day’s 
journey—it will have plunged into space to a depth seven times greater 
than the distance of Neptune. Still, according to what we have just 
stated, it would not have accomplished the thousandth part of its route; it 
must continue its course for 1300 days with the same tremendous velocity, 
journeying ever on during three entire years before it attains the nearest 
star—that brilliant sun of the southern heavens, a Centauri. Such, in 
every direction, are the dimensions of the space devoid of stars which 
surrounds our Solar system. 

And, nevertheless, the stars nearest to us only are here in question. 
From a Lyre, from the sparkling Sirius, light requires more than twenty 
years to reach us; from'the Pole Star half a century is needed. Lastly, 
to traverse the space which separates Capella from the world on which we 


* The fame of this first and important d-termina‘ion is due to the ‘Illustrious 
astronomer Bessel. Peters, the two Struves, Henderson, Maclea-, Sch ‘ter, and 
Wichmann, have also distinguish2d themselves in ‘here researches. 
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live, or, a8 it may be stated, 400,000,000,000,000 miles, 72 years, or a 
man’s whole lifetime, would be required. 

Shall we endeavour to obtain, from another point of view, an idea of 
these distances ? Suppose a spectator placed at one of the extremities of 
the line which joins our Sun to a Centauri. At this point, the entire 
radius of the Earth’s orbit would be hidden by a thread of a =, inch in 
diameter, held at a distance of 650 feet from the eye: that is, a line 
91,400,000 miles in length, iooked at broadside on at this distance, would 
appear but as an imperceptible point. 

We give below a table of the principal distances already deterinined, 
expressed in radii of the Earth’s orbit; they can be converted into miles 
by multiplying them by 91,400,000 miles, the length of that orbit. 

We give also the number of years required by light to travel the 


different distances : 
Radii of Earth’s orbit. Years. 


# Centauri. . . 2. 6. . 6 211,330 . 36 
GLCyent 4. Gs ae we 550,920 . 2. Ded 
Vega . . ew we ew we he heh «62 830,700 2, 210 
Sirius .... . .. «6 « 1,375,000 . . 22°0 
1Urse Majoris ... . . . 1,550,800 . . 25°0 
Arcturns . . . . . » . » 41,622,800 . . 26°0 
Polaris... . we eheC)CO,078,600 2. . 500 
Capella... . . . . | . 684,000 . . 72:0 


[These estimates may for the present remain, though other measure- 
ments have been given for several of these stars. Thus the recent measure- 
ment for 61 Cygni reduce that star’s distance in the proportion of 7 to 11, 
while those for Sirius reduce that star’s distance in the proportion of 5 to 
9. It is, in fact, tolerably clear that, with the single exception perhaps 
of a Centauri, the stars are at distances beyond our present means of 
measurement.—R. A. P.] 

Other smaller distances are also known, but with less precision; nearly 
all are still greater than those here given. None as yet known are less 
than the distance of a Centauri. 

Thus, if we imagine a sphere having for its centre the Sun, and for its 
radius 200,000 times the mean distance of the Sun from the Earth, none 
of the innumerable stars which we see shining during our nights will be 
comprised within it. And, nevertheless, the volume of this ideal sphere 
contains 275,000,000,000 times the entire volume of our planetary sphere 
—the radins of which stretches from the Sun to Neptune. The comets 
have here full scope to accomplish their most excentric revolutions, and to 
describe ellipses bordering on the parabola. 

If we now imagine our Sun plunged in space, to the distance of the 
nearest star, and calculate, according to the laws of optics, what will be 
the reduction of its light, we find that it will but put on the brightness of 
a, star of the second magnitude, that it will shine with the brilliancy of the 
Pole Star, and the principal stars in the constellation of the Great Bear. 

Ts it now understood how impossible it is that the stars can shine by 
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reflected light ? At the distance at which the nearest of them are from the 
Sun they receive from the focus of our world a light the intensity of which, 
as we have just shown, does not exceed that of a star of the second magni- 
tude. If each star were a dark body, the light which it would receive from 
the Sun would be at most equal to that received by us on our darkest 
nights, when but a single star pierces through a thick stratum of clouds. 
And even this feeble glimmer would require to again traverse the immense 
abyss which separates the star from the Earth, before it reaches us twinkling 
and brilliant as we see it. We might then affirm, on this ground alone, 
which supplies most incontestable evidence, the astronomical truth, which 
we announced at the beginning of this chapter. [But there is much more 
convincing proof to which we shall refer anon. | 

The stars, then, are suns. Each of them is a focus of light and heat, 
and probably the centre of a system which comprises, like ours, planets, 
satellites, and comets. Each star, in fact, may represent a system. 

The distances of some stars being approximately known, is it possible 
to deduce from them their real dimensions, as has been done in the case of 
the planets and the Sun? It is not, and for a simple reason: the apparent 
diameter of the most brilliant stars is so small that it defies all measure- 
ment. The finest spider's web, placed at the focus of an optical instrument, 
entirely hides the disk of these bodies. When, by the movement of the 
Moon across the constellations, the limb of our satellite reaches a star, the 
occultation is instantaneous. The extinction of the light, instead of being 
gradual, is sudden and complete. This fact is not extraordinary, when we 
consider that the diameter of the Sun, removed to the distance of the nearest 
star, would not measure a hundredth of a second of arc,—an angular 
quantity so small that it is entirely inappreciable. 

But if we suppose that the intrinsic intensity of the light be the same, 
for Sirius for example, as for the Sun of our system, we shall arrive at 
pretty clear, if only conjectural, views on the dimensions of this magnificent 
star. On this hypothesis the diameter of Sirius would be fifteen times that 
of our Sun; so that, even in granting to its light an intrinsic brightness 
triple that of the Sun, the dimensions of Sirius would still be five times 
greater, and its volume would be 125 times that of the Sun. 

Doubtless these numbers are below the reality; doubtless, also, in the 
multitude of worlds, so distant and so different from ours, the most varied 
dimensions distinguish the central bodies and the spheres in which their 
direct action is felt. 

So much for our first sketch of the dimensions of the visible universe. 

ye shall return to this interesting subject when we describe the structure 
of this vast ensemble, such as the most recent investigations in sidereal 
astronomy present it to us. | 

We shall also consider not only isolated stars, but systems of sums, and 
the series of groups forming clusters more and more numerous, and more 
and more extensive. 
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VL. 


MOVEMENTS OF STARS. 


Stars not Immovalle in Space— Measure of their proper Motions: Velocities of 
some of them— Translation of the Solar System through Space. 

Ir was for a long time believed that the stars preserved invariably their 
relative positions ; that they and the Sun also were immovable in space. 
Hence the term jixed stars, which has so long been assigned to them, in oppo- 
sition to the wandering ones, or planets. Modern astronomical observation, 
rendered much more precise by the perfection of the instruments now em- 
ployed, has at length exploded the idea of the immovability of the stars. 

Movement is the common law of all bodies. In our Solar system the 
planets and their satellites are endowed, as we have seen, both with a 
movement of rotation round their centres, and with a movement of revo- 
lution round their common focue. As to the Sun, it is now known that 
he also turns on his axis in about twenty-five days; and, lastly, comets 
likewise possess rapid movements, which carry them to great distances 
beyond the limits of the planetary world. 

More than this, the Sun himself moves through space, and draws with 
him all his numerous train, and yet the distances and relative positions of 
the different stellar bodies undergo no apparent change. Member of a 
vaster system, and one still unknown, he describes in thousands—in 
millions—of centuries, perhaps, his immense orbit. 

The same thing holds with all the other suns or stars; the movements 
of a great number among them have been demonstrated, and already even 
we possess some knowledge of the direction and velocity of these movements. 

Let us endeavour to show, by the aid of a familiar comparison, how it 
is possible to assure ourselves of these facts. 

Let us suppose ourselves immovable in the centre of an extensive plain, 
crossed by roads and railways in various directions, on which pedestrians, 
carriages, and trains, are travelling with varying velocities. If these moving 
bodies are near us, they appear to move with great relative rapidity. But 
the more distant they are, the more their apparent velocity will diminish, 
until, when on the horizon, they appear to move with a slowness which 
nearly approaches a state of rest; at this moment, if we examine them 
with a telescope, their apparent velocity will again recover somewhat of the 
rate it had lost, but only to vanish again in proportion as the distance be- 
comes more considerable. 

It is thus with the proper movements of the stars; at first completely 
imperceptible, they have at length been revealed to astronomers furnished 
with powerful instruments, and provided, moreover, with measuring 
apparatus of infinite delicacy. It has thus been shown that many stars 
are displaced with unequal velocities and in different directions. But we 
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must not be mistaken in the magnitude of these movements, or think we 
can detect them in a single observation; it requires, indeed, the patient 
observations of years to establish them. 

Let us quote some examples. 

The brightest star of Bovtes, Arcturus, requires a whole century to 
traverse only the eighth part of the diameter of the Moon. a Centauri, in 
the same interval of time, is displaced a quantity measured by the fifth of 
this diameter. Many others move more slowly still. ‘The most rapid 
movements are those of the star 61 Cygni, the distance of which has, as 
we have seen, been measured, and of two stars of the southern heavens, one 
in the constellation of the Indian, the other in the Ship. 

Nevertheless, these three bodies would each require more than 300 years 
to move across the starry vault a distance equal to the Moon’s diameter. 

Of course it is only here a question of apparent velocity. To deter- 
mine the real velocity, the distances of the stars of which the proper 
motion is measured must be known; now, this element is known but for 
a few among them. 

It has thus been found that Arcturus moves through space with a 
velocity not less than 54 miles a second. We give a table of some of the 


velocities* which have been determined :— 
Miles a second. 
54 


Arcturus a oe -e erd! wa 

G1 Cygni. . . ...... 20 
Capella: ce Ge ae eal es ee ce S&H 

Sirius. 2. 6 « © © «© « « « Ad 

@ Centauri . 2... 2. es ew a DS 
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POVPIS:- 6.5. 66. es He ee Rw! 


Thus these stars, which were believed to be fixed, are in perpetual 
motion; nay, the velocity of some of these distant worlds much exceeds 
that of the planetary bodies, which varies, as we have seen, between three 
and thirty miles a second. The Earth, which moves in its orbit with such 
prodigious rapidity, travels three times more slowly than Arcturus. 

How have we arrived at the knowledge of the fact that the Solar 
system itself in its entirety moves through space? Another familiar 
comparison will help us to answer this question. Let us place ourselves 
again in the centre of an extensive plain, bordered at the horizon on every 
side with rows of trees differently grouped. So long as we ourselves are 
at rest, these objects keep the same relative positions and distances. But 
if we move in any one direction, what happens ? As we walk, the trees in 
front of us open out—are gradually separated; while behind us, on the 
contrary, they will gradually get nearer together, will close up ; whilst on 
either side they will seem to recede in a direction contrary to our move- 
ment ; these are, it is clear, merely effects of perspective. But between all 


* These velocities are possibly still greater, since the paths in space may be in- 
clined, whereas their projections are here in question. 
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these apparent movements in various directions, and the direction of our 
walk, there is an intimate connexion, the study of which, if we were not 
conscious of our movement, would enable us to detect it. 

Now the immense expanse of the heavens is our plain, and the trees on 
the horizon are the stars and the constellations, and the traveller whom we 
have imagined to walk in a given direction is the Sun and its system. 

There are, however, between our supposition and the reality differences 
which somewhat complicate the problem. The stars, as we have seen, 
have a real movement of their own, and there are other apparent move- 
ments, owing to the movement of revolution of the Earth, and the 
combination of this movement with the velocity of light. It has, there- 
fore, been necessary to unravel these complicated movements, and’to sift out 
the real from the apparent oncs. 

If to these difficulties we add those which result from the extreme 
delicacy of the measurements required, and of the variation of the measur- 
ing instruments themselves, an idea will be formed of the sagacity, patience, 





Fig, 138,—Pvint of tho hoaveus towards waich th: Sulas System is travelling in its 
movement of revolutiun. 


and genius, which have been necessary to arrive at such magnificent con- 
clusions.* 

Towards what portion of the sky, then, are we travelling? According 
to the most recent calculations, the Sun is advancing towards a point 
situated in the constellation Hercules} with such velocity that in a year 
it traverses more than once and a half the radius of the terrestrial orbit, or 
153,000,000 miles—about 4 miles a second! [But the rate of motion 
cannot be regarded as determined with nearly the same accuracy as the 
direction. —R. A. P.] 


* The astronomers who have attempted, discussed, and solved this beautiful pe 
blem, are, among others, Sir W. Herschel, Argelander, O. Struve, Madler, and Peters. 

t+ On the straight line which joins the two stars r and « of this constellation, at 
a quarter of the separating distance from the first. 
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The movement of the Sun takes place, possibly, round a centre still 
unknown to us. The present opinion of astronomers is in favour of the 
Pleiades being the centre of this movement, but precise knowledge on this 
point is difficult to arrive at. 

If the stars move unequally or in different directions,—if the Sun 
progresses towards a certain point in the heavens, how will this eventually 
show itself in the aspect of the starry vault? By a continual change, 
which will ultimately give to the constellations groupings vastly differing 
from those under which they are at present seen. ‘The Southern Cross,’ 
says Humboldt, ‘ will not always keep its characteristic form, for its four 
stars travel in different directions and with unequal velocities. At the 
present time it is not known how many myriads of years must elapse until 
its entire dislocation.” We may, then, rest quiet, and study the sky as it 
is, without fearing present confusion : Jet us leave to our descendants of the 
year YO00 to determine the position which the star of the Hunting Dogs, 
known as No. 1830 Groombridge, will then oceupy. It may possibly be 
found in Berenice’s Hair! 

[The Astronomer Royal has recently devised a method by which the 
whole problem of the Sun’s proper motion has been solved de novo, and on 
principles undoubtedly far more exact than any vet applied. It may be 
thus described. Let us conceive that the Sun has o certain motion in 
space: that is, let us assign a velocity v and a direction indicated by 
certain mathematical relations,—the angle, namely, at which the line of the 
Sun’s path is inclined to three fixed lines in space at right angles to each 
other. Now, when this is done, we can deduce an expression for the ap- 
parent motion of each star on the celestial sphere, on the supposition that 
the assumed solar motion is stopped. In order to do this, however, we 
must adopt some hypothesis as to the probable distances of the stars of 
various orders, and also as to the probable errors in the estimated proper 
motions of the stars. ‘These considerations being attended to, and the sum 
of all the motions (or rather of their squares) deduced on the above as- 
sumption, we have then to find what values for v and for the three angles 
referred to above, make the sum /east. ‘These values are the most probable 
elements of the Sun’s motion. It will be noticed that the process is free 
of all hypothetical considerations except those depending on the distance ot 
the fixed stars, and on the probable nature of errors of observation. The 
results obtained by Airy’s method, skilfully worked out under the super- 
intendence of Mr. Dunkin of the Greenwich Observatory, accord most 
satisfactorily with those obtained by other methods. But, although the 
result which gives the greatest reduction of the stars’ apparent motions, 
accords well with former results, the reduction is not so great as theoreti« 
cally it might be expected to be. The present writer has shown that from 
the observed average proper motions of the different orders of stars, the 
distances of the fainter stars have probably been overrated,—and that the 
reduction will be materially increased when this consideration is taken into 
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account. By mapping the stellar motions, he has also shown that signs of 
star-drift exist in certain regions of the heavens, which tend to account for 
the smullness of the corrections deduced by Airy’s method. Spectroscopic 
analysis affords a means of determining the motions of the stars in the 
direction of the line of light. Forif a star is receding, the wave-length of 
any definite portion of its light must be lengthened, and vice versd. Thus, 
if the position of some known line in a star’s spectrum can be compared 
with the position of the same line in the spectrum of a terrestrial element, 
any shift of position indicates whether the star is receding or approaching. 
In this way several of the brighter stars have been dealt with by Mr. 
Huggins, and motions of recession and approach, amounting in some cases 
to 30 or 40 miles per second, have been recognised. This method has 
afforded an interesting confirmation of the present writer’s views about 
star-drift, sets of stars having equal thwart-motions being found to have 
equal motions of recession or of approach.—R. A. P.] 


VII. 
DOUBLE AND MULTIPLE STARS. 


Distinction between Optical and Physical Doubles— Characteristics of the latter— 
Movements of Revolution of Double Stars— Multiple Systems. 


THERE is, in the vicinity of Vega, the brightest star in the constellation ot 
the Lyre, a small star which appears elongated to some possessed of very 
keen eyesight, and this appearance suggests that it may really be composed 
of two luminous points ; indeed it is only necessary to examine it with 
an opera-glass to see that it really consists uf two stars separated by 
an interval equal to alout the ninth part of the apparent diameter of 
the Moon.* 

Here, then, we have an example of a coarse and easily divided double 
star, which a keen eye or an opera-glass of small magnifying power is 
sufficient to separate into its components. But this is not all; if we em- 
ploy an instrument of considerable optical power to examine each of the 
two stars of which the coarse double is composed, we find that each com- 
ponent itself consists of two stars so near together that the intervals 
separating them are not more than the +1,th part of the total distance of 
the couples themselves,t so that we have here a double-double star. A 
star which appears single to the naked eye becomes quadruple when ex- 
amined with a powerful telescope. 

A century ago, only about twenty double stars were known; now, 


* 327", The star is Epsilon (:) Lyre. + Struve: 
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however, we possess catalogues of more than 6000.* Now, is the union 
of two suns in a small space of the starry vault to be looked upon as purely 
accidental, or must we rather consider it to indicate a real physical con- 
nexion of the two bodies—a real system ? 

On the first supposition, the proximity of the two stars to each other 
would be attributed to an effect of perspective ; the stars themselves, though 
widely differing in their distance from us, lying in the same line of sight. 
In the second case, the two suns are at nearly equal distances, and their 
apparent connexion proceeds from the relative smallness of the interval 
which separates them. 

Hence a shifting of double stars into optical and physical pairs. As 
soon as the number of double stars began to increase, it was thought ex- 
tremely probable that groupings of this kind might not all be owing to 
the effects of perspective ; and the existence of real systems of suns was 
suggested, before even observation had directly confirmed it; this sugges- 
tion has since been abundantly justified. 

Out of a total number of 6000 double stars known at the present time, 
650 have been demonstrated to be physically connected systems— two 
suns, turning round a common centre of gravity. There are still more 
complicated groups—systems of three, or four, or even more suns, In the 
constellation of Orion, near the centre of the glorious nebula which we shall 
soon describe, there is a system where 
the unaided sight only distinguishes 
a luminous point. With the help of 
a powerful telescope, however, this 
point is divided into four stars; these 
can be seen in a small tclescope, in 
the form of a trapezium ; but when 
the telescope of 5 or 6-inches aperture 
is used, two of the stars in the trape- 
zium are themselves seen to be accom- 
panied by two other very small stars, Fig. 1 cir J Hereohel) of Orion. 
forming altogether a group of six _— 
suns (fig. 189). ‘Probably,’ says Humboldt, ‘the sextuple star, 6 Orionis 
(generally called the “ trapezium of Orion’’), constitutes a real system, for 
the five smaller stars have the same proper motion as the principal one.’ 
We may add, that Mr. Lassell has discovered a seventh star in this 
remarkable system, so that @ Orionis is a septuplestar. An attentive study 
of this group, on which the attention of astronomers is fixed, as it forms 
such an admirable test-object for their instruments, will eventually show 
us what truth there is in Humboldt’s statement ; the various stars will be 





* Kirch, Bradley, Flamsteed, Tobias and Christian Mayer, Sir W. Herschel, in the 
last century; the two Struves, Bessel, Argelander, Encke and Gall, Preuss and 
Madler, and Sir John Herschel and Burnhan, in the present one, have assisted in the 
discovery of these pairs, now so numerous an.l So iteresting. 
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seen to progress in their orbits, and science will be enriched with a new 
fact well worthy the attention of geometers :—the reciprocal and simul- 
taneous movement of seven suns. , 

What magnificence, what variety is there in the constitution of the 
sidereal universe! Our Solar system places before us the grand spectacle 
of a central star surrounded with more than a hundred planetary bodies 
and thousands of comets harmoniously executing their eternal evolutions 
round the focus of their heat, their light, and life. 

In the unfathomable space which surrounds our system, have been 
revealed to us, at prodigious distances, millions of stars, which are so many 
suns, surrounded doubtless, for the most part, with a cortége of planets like 
our own. And more than this, among these myriads of systems, we 
become acquainted with some which present to us the more marvellous 
association still of suns grouped by twos, and threes, and fours, moving 
round each other in the same manner as with us the planets move round 
their common centre. 

Not only is the division of double stars into optical and physical couples 
not arbitrary—founded as it is on precise observations—but it has 
furnished valuable data for the solution of several most important pro- 
blems in stellar astronomy. A word on this subject. We can at once 
recognise that the two components of a double star or a real or physical 
system, when the movement of revolution of one round the other is observed. 
Thus the satellite of Castor,* and those of the stars,  Cassiopes, p Serpen- 
tapii, E Ura Majoris, have completed an entire revolution since the epoch 
(1870) of the first observations. 

The physical couples are again distinguished by another character,—a 
ee proper motion: that is to say, when this is in the same direction 
and extent, it is extremely probable that we are dealing with a veritable 
system, although their movement of revolution is so slow that.we cannot 
defect it. As to the optically double stars, they are distinguished by the 
opposite characteristics; in other words, no movement of revolution can be 
detected in them, and the proper motion of one is not participated in by 
the other. Such is the case with the optical couples formed by the com- 
panions of Vega, Atair, Pollux, and Aldebaran. 

If the double stars of the first kind—the physically connected ones— 
have increased man’s knowledge of the constitution of the Universe, by 
showing the identity of the laws which govern the stellar worlds with those 
of the movements of the planets, the optical double stars have furnished, 
as we shall see in a future chapter, the means of measuring distances, and 
thus of sounding the depths of the heavens. 

We will now proceed to give some details of the principal double 


_* Castor is a binary system to which, according to Struve, doubtless belongs a 
third star, which participates in the proper movement of the two others. Here then 


are two suns accompanied with a third sun fifteen times more distant from the first 
than is the second. 
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stars, the movements of which have been observed and the orbits cal- 
culated. 

There exists in the constellation of the Great Bear, very near that of 
the Lion, a star designated in the catalogues by the Greek letter &, known 
as a double star since 1782. The two components of this system are, one 
of the fourth, the other of the fifth magnitude. The movement of revolution 
of the second round the first* having been detected, a French astronomer, 
Savary, determined by calculation the elements of the orbit. The period 
of revolution is sixty-one years, whence it follows that, since the discovery 
of the system, the orbit has been entirely traversed, and that one-third of 
the second period is already completed. 

The elliptical or oval form of the orbit of this binary is very decided ; 
its excentricity is comparable to the orbits of our periodical comets, since, 
even among the telescopic planets, there is no orbit which differs so much 
from a circle. But among the double stars there are some the orbits of 
which are still more elongated. Such is that of a Centauri, the period of 
revolution of which exceeds seventy-vight years. 

We may cite the following periods of double stars which have been 
determined :— ¥ Herenlis 


3G years 
@ Caner) 
#Coronm Borealis... . 6G, 
pOphinehi 2. . 2... Oo, 
yVirginis. 2. . 2. . . . 1507”, 
G1lCygni. 2... ee AO 


There is, as is seen by this table, great variety in the periods, the 
latter surpassing the first by twelve times. But it is probable that some 
still more divergent will be found. In Berenice’s Hair, and in the Lion, 
there are two pairs, the first of which has a period of less than fourteen 
years, whilst the second completes its orbital movement in twelve centuries. 

If we have been able to determine the form of the paths described by 
these pairs of suns, and the duration of their periodical movements, we are 
still—to speak generally—far from knowing the absolute dimensions of 
the orbits: to determine these we must, of course, know the distances of 
the stars from us. We know this, however, in the case of a Centauri and 
61 Cygni. 

The mean distance from each other of the two stars which compose 
the second of these systems is not less than 1,000,000,000 miles. Com- 
pared to the distances of the planets from the Sun, this distance is com- 
prised between those of Saturn and Uranus. The orbit of the companion 
of 61 Cygni has a mean radius of about forty-five times the distance of 
the Sun from the Earth, or more than 4,000,000,000 miles. Let us bear in 
mind, that such dimensions are quite lost to the unaided sight; so immense 
is the distance of these stars that a powerful telescope only can divide them. 

* Or, rather, the movement of each star round the common centre of gravity of 


the system. 
+ Both these periods are, however, uncertain. 
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That astronomy has arrived at such’a point of perfection as to be able 
to calculate the elements of such distant systems is indeed an admirable 
result, and a proof of the power of calculation when supported by obser- 
vations worthy of confidence. But this is not all: it is now demonstrated 
that the laws which regulate the stellar systems are identical with those 
which govern the bodies of our own system; we have thence been able 
to form an approximate estimate of the masses of these bodies. Thus 
it has been found that 61 Cygni—that small star scarcely visible to the 
naked eye—weighs more than a third of our Sun. 

Quite recently, the exactitude of these theoretical deductions has re- 
ceived a brilliant confirmation. Every one knows Sirius, the brightest 
star of the heavens. While studying with minute care the proper move- 
ment of this magnificent sun, the illustrious Bessel—one of the greatest 
astronomers and geometers of the century—suspected the existence of a 
satellite, the mass of which, acting on the central star, produced variations 
in its movement. Waa this satellite a dark body analogous to our planets, 
or a secondary sun, the light of which is lost in the dazzling rays of 
Sirius? On this point nothing was known ; other astronomers attempted 
the same problem, and one of them, M. Peters, calculated for the unknown 
orbit a period of fifty years. Such was the state of things when an Ame- 
rican optician, Mr. Alvan Clark, on the 31st of January, 1862, in turning 
a new and powerful telescope on Sirius, discovered the satellite, the cause 
of the observed perturbations. Since that time it has been again seen by 
other astronomers ;* and it now remains to verify by observation the orbit 
and period calculated before its discovery. 

When a branch of science, scarcely known two centuries ago, and 
cultivated steadily less than a hundred years, arrives at such results, what 
may we not hope for the future progress of sidereal astronomy ? 

Doubtless, many points will long remain in the domain of conjecture. 
But, without overstepping probabilities, it will gradually be more and 
more possible to form a correct idea, both of the unity of the laws which 
govern the celestial bodies, and of the infinite variety of the phenomena 
which they offer to man’s observation. 

We may thus liken the innumerable suns scattered. over the heavens 
to the central body of our own system. Doubtless, round each revolve 
other bodies; some like our planets; others, perhaps, gaseous, like our 
comets. The phenomena of day and night, and of the seasons, again 
occur in those secondary worlds, rendered invisible by their immense dis- 
tance. By carrying ourselves to the phenomena of our planetary system, 
Wwe can conceive those eternally going on in the worlds of which we speak. 

But how much more varied still must be the phenomena in those 
systems, composed of two or three, or even more suns, with their varying 
lights and heats, sometimes combined and sometimes experienced in succes- 


* The Rev. W. R. Dawes in England, MM. Chacornac and Goldschmidt at Paris, 
Mr. Lassell at Malta, Father Secclii at Rome. 
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sion. Let us imagine ourselves, for example, on one of the planets of the 
triple sun y Cassiopes ; the movements of rotation and revolution of such 
a planet, combined with the movements of revolution of the three light- 
giving bodies, would bring on its horizon sometimes one, sometimes the 
other of the suns of the system, and sometimes, also, two or three at a 
time. To periods of day and night would succeed periods of continuous 
day; and the temperature and seasons would vary also by reason of ever 
new conditions. To these we must add the varieties of colour which 
characterise the lights of tle component stars of the system—varieties 
which would produce on the planet sometimes red days, sometimes green 
or blue ones, or even days illuminated by a light compounded of these 
three colours, in varying proportions : an idea will thus be formed of the 
odd effects of light, and singular contrasts which objects must present 
according to the hour of the day and the time of the year. 

That brings us naturally to say a few words on the colour of the stars 
in the simple or multiple systems. 


VIII. 
COLOURED STARS. 


Variety of Colours presented by the Stars—Colours of Single Stars — Colours of 
Double and Multiple Stars— Variations observed in Colour; presumed Caus2s 
of their Changes. 

Tue rapid variations of brightness, which a star presents to the naked 
eye, are ordinarily accompanied with instantaneous changes of colour ; 
and to these two phenomena combined has been given the name of ‘ scin- 
tillation.’ It is, however, known that these changes do not take place in 
the star, but are caused by our atmosphere, through which the luminous 
waves reach our eye. 

But, independently of these apparent and ever-changing tints, the 
stars possess real and constant colours, arising from real differences in the 
nature of the light which they emit. 

This. we can all see for ourselves. If we observe some of the most 
brilliant stars in the heavens, it will be remarked that the light of Sirius, 
of Vega, of Regulus, and of Spica, is perfectly white, whilst Betelgeuse, 
the brightest star in Orion, and Aldebaran, show a decided red tint. 

The Greek astronomers, as remarked by Arago, only recognised red 
and white stars. Now, however, that this branch of observation is care- 
fully cultivated, all colours, all the tints of the rainbow, have been de- 
tected in the light of different stars.” 


* Observations of this nature are very delicate; and although the use of tele- 
scopes renders them more certain, as the star is deprived of nearly all its scintilla- 
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Among the single stars of reddish tint, we may quote Arcturus, 
Antares, and a star in the Whale, the famous Mira Ceti, which we shall 
again soon meet with among the variable stars. Procyon, Capella, and 
Polaris, are yellow. The light of Castor is green, and that of a Lyre is 
of a decided blue tint. Nevertheless, white is undoubtedly the colour of 
the great majority of stars. 

These diverse and permanent tints can only be attributed to real dif- 
ferences in the nature of the light emitted by each sun. If the hypothesis 
of a photosphere, or incandescent gaseous envelope, now admitted by 
many of our astronomers in the case of the Sun, be extended to the phy- 
sical constitution of the stars, it suffices to suppose a different chemical 
compostition in the photospheres of these bodies, or different absorbing 
processes going on in their atmospheres, to explain the differences of 
colour. Doubtless, also, the degree of the temperature of the incandescent 
media will go for something in influencing the phenomena. 

It is in the double and multiple stars that the colour of the light is 
presented with all its brightness and richness. The greatest variety dis- 
tinguishes the colours of the components of these systems, already so 
remarkable from so many other points of view. 

The illustrious and laborious astronomer of Dorpat and Poulkowa, 
M. W. Struve, who has consecrated thirteen years of watching to the 
examination of 120,000 stars, amongst which he has found more than 
3000 double stars, thus writes on this subject :-— 

‘The attentive observation of the bright double stars teaches us, that, 
besides all those which are white, all the colours of the spectrum are to 
be met with ; also, when the principal star is not white, its light borders 
on the red side of the spectrum, whilst that of its satellite offers the bluish 
tint of the opposite end. Nevertheless, this law is not without exception ; 
on the contrary, the most general case is that the two bright stars have 
the same colours. I find, indeed, among 596 bright double stars,— 


375 the two components of which have the same colour and the same intensity ; 
101 of the same colour, with a different intensity ; 
120 of totally different colours. 


‘Amorg the stars of the same colour, the most numerous are the 
white, and of the 476 stars of this kind I have found 


295 in which the two components are white; 
118 __s,, they are yellow or reddish ; 
G3 = ,, +‘ they are bluish.’ 


It was at first believed that the blue colour was a simple effect of 
contrast, owing to the feebleness of the light of the smaller star, compared 


tion, they are still subject to errors, proceeding both from the personality of the 
observer and the peculiarities of his instrument. We are surprised that there has 
not yet been instituted a precise mode of observation, in employing, for example, a 
chromatic scale, the degrees of which would serve for terms of comparison with the 
coloured lights of the stars. 
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to the yellow and more brilliant light of the principal one. But if this 
optical illusion be sometimes met with, observation shows that it is acci- 
dental, and that blue stars do really exist. Indeed Struve has as often 
met with a blue satellite to a white star, as to one of a decided yellow. 
Besides, couples are mentioned of which the components. are both blue. 
Such are the double stars, 6 Serpentis and 59 Andromedx. Lastly, there 
is in the Southern heavens a group composed of a multitude of stars, 
which are all blue. am 

All possible shades, we have before said, are met with in the coloured 
double stars. White is found mixed with light or dark ae ruby, 






and vermilion. Here we have a green star with a deep -red com- 
panion, there an orange primary accompanied by a purplé®y indigo-blue 
satellite. The triple star, y Andromeds, is formed ofan orange-red sun, 
accompanied with two others, the light of which is of an emerald-green 
colour. [If, indeed, one be not blue and the other yellow, the green re- 
sulting from the close juxtaposition of the two.] Two stars, the distances 
and period of whose revolutions we have already cited (61 Cygni and 
a Centauri), have each for their components two orange-yellow suns. 
According to Sir John Herschel, a group, situated in the Southern Cross, 
near the star Kappa,is extremely remarkable. It is composed of 110 stars, 
of which seven only exceed the tenth magnitude. Among the principal 
ones, two are red and ruddy, one is of a greenish blue, two are green, and 
three others are of a pale green. ‘The stars which compose it, seen in a 
telescope of diameter large enough to enable the colours to be distinguished, 
have the effect,’ says Herschel, ‘of a casket of variously coloured precious 
stones.’ * 

We have already remarked, that it is necessary to distinguish between 
the real and constant colours of the stars and the instantaneous and oft- 
renewed variations due to scintillation. Nevertheless, the constancy of the 
real colour is not absolute. 

It seems at length to be an undoubted fact that certain stars do change 
colour. Sirius is the first example of this. The ancients represented it as a, 
red star, while at present this sun is distinguished by its brilliant whiteness. 

Two double stars, one of the Lion, the other of the Dolphin, noted as 
white by Herschel, are now composed of primaries of golden yellow, accom- 
panied by a reddish-green star in the first pair, and a bluish-green one in 
the second.y 

But, after all, this variation of colour will seem less astonishing when 
we see how much the brightness of the light of the stars itself is subjected 
to variations. 

The cause of the colours of the stars, and of the changes of tint they 


* ‘ Astronomical Observations at the ae of Good Hope,’ p. 17. 
This variation does not seem to be explained by the difference of the instruments 
used, since the mirrors of Herschel’s telescope gave rather a reddish tint to all objects: 
and it was Struve who first established their colour with the large Poulkowa refractor. 


x 
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undergo, is still, as we have before remarked, not entirely accounted for. 
‘It must be left to time and careful observation,’ says Arago, ‘ to teach us 
if the green or blue stars are not suns in the process of decay, if the different 
tints of these bodies do not indicate that combustion is operating upon them 
at different degrees.’ 

[Spectroscopic analysis shows that usually the colour of a star is due 
to the presence of absorptive vapours in the star’s atmosphere cutting off 
certain portions of the light. Thus the orange component of the double 
star Albireo has a spectrum crossed by several bands in the blue and 
violet, while the blue component has a spectrum showing many strong 
lines in the red and orange portions.—R. A. P.] 

All that can be at present said with certainty is, that the celestial 
spaces, far from presenting to us immutability and immobility, are the 
theatre of incessant movement and continuous transformation. The study 
of variable stars, and of new or temporary stars, which have suddenly 
appeared to disappear as suddenly, will again furnish us with decisive 
proof of a truth that has taken us so long to learn. 


IX. 
VARIABLE STARS. 


Periodica] Changes of Brilliancy of Mira Ceti, and Algol in Perseus—Other Variable 
Stars—Explanation of these Changes—Hypothesis of the Rotation of Stars. 


THERE is in the constellation of the Whale a star marked on the maps by 
the Greek letter o (Omicron), which astronomers know also under the 
Latin name of Mira (the marvellous). This star has been long remarked 
on account of the periodical variations of its brightness. During each 
interval of eleven months it passes through the following phases : 

During fifteen days it attains and preserves its maximum brightness, 
which is equal to that of a star of the second magnitude. Its light after- 
wards decreases during three months, until it becomes completely invisible, 
not to the naked eye only, but even to our telescopes.* 

It remains in this state during five whole months, after which it re- 
appears, its light increasing in a continuous manner during three other 
months. Its cycle of variability is then ended, and it attains again its 
maximum brightness to pass a second time through the same phases. 
These singular variations have been known since the end of the sixteenth 


_ * We are surprised that observations of this singular star have not been pursued 
with the most powerful instruments during the period of invisibility. It is only 
known that it is then below the eleventh magnitude. 
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century ; but the exact measure of the period was only effected a century 
later. At the present time it is known with great precision, and is valued 
at 331 days, 15 hours, and 7 minutes. 

In truth, irregularities have been discovered in the period of Mira; but 
these irregularities also are subjected to a periodicity which renders the phe- 
nomena still more interesting. The greatest brilliancy does not always rank 
it in the same magnitude. Sometimes it scarcely exceeds the fourth, whilst 
at certain epochs (in 1799, for example,*) its light was almost as brilliant 
as that of the first magnitude, and it was scarcely inferior to Aldebaran. 

Mira is not the only example of the periodical change of brightness of 
stellar light; and the duration of the variations is not always so long as in 
it. Algol, in the Head of Medusa, in 
the constellation of Perseus (fig. 140), 
is at least as interesting as Mira, but 
its period is much shorter, and it is 
never invisible, even to the naked eye. 
A star of the second magnitude dur- 
ing two days and thirteen and a half 
hours, it suddenly decreases, and in 
three hours and a half descends to the 
fourth magnitude. Then its brightness 
regains the ascendant, and at the end 
of a fresh interval of three hours and a 
half attains its maximum. All these 
‘changes are effected in less than three 
days, or, more exactly, in 2 days, 21 
hours, 49 minutes. 

Among the variable stars with long 
periods, Betelgeuse, one of the four stars 
of the great trapezium of Orion, MAy = Fig. 140.—Variable star Algol in Perseus. 
also be mentioned: the period of this 
star is nearly 200 days. There is a star in the Swan, the variations of 
which are effected in 406 days. Three of the seven stars of the Great Bear 
vary in periods imperfectly known, but they certainly embrace several years. 

In the number of variable stars with short periods, 3 Cephei is dis- 
tinguished by the regularity of its changes of brightness, which last 
5 days, 8 hours, 40 seconds. This star has been observed since 1784. 

Lastly, there is a great number of stars, the variability of which is proved 
without their periods having yet been determined, either because these 
periods are irregular, or because the time they occupy is very considerable. 

The preceding examples will suffice to give an idea of the interest 
attached to these singular phenomena, the cause of which, although sus- 
pected, is still unknown. The periodicity even of the changes observed 
indicates that the variations of brightness are possibly produced by a 


* The 6t of November, as cited in Humbo'dt's ‘ Cosmcs.’ 
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movement of rotation of the variable itself, or by the movement of revolu- 
tion of a dark or opaque body round the luminous body. 

On the hypothesis of the rotation of the variable stars, it has been 
held that the different sides of the body vary in luminosity, and even, in 
certain cases, are completely dark.* Spots of large dimensions, analogous 
to solar spots, and encroaching on a part of the surface of these suns 
during long intervals of time, have been suggested to account for the 
phenomena. 

On the other hand, if each star be considered the focus of the move- 
ments of dark bodies similar to our planets,—an hypothesis which is far 
from being completely improbable,—it must happen to a certain number of 
them, that the planes of the orbits of these secondary bodies, if prolonged, 
would pass through our system. In this case, at each revolution there 
would be an eclipse to our eyes of the central body, a partial or total 
eclipse, according to the dimensions and the respective distances of the 
dark satellite and its sun. Many satellites of unequal periods would then 
explain the different phases of variability. 

Another explanation of the variability of certain stars has been sng- 
gested by the fact that, during the minimum of brightness, some of these 
bodies have appeared surrounded with a kind of mist. This is, that the 
variability is owing to the interposition of nebulous masses travelling 
through space, and which, not being self-luminous, would veil, or even 
quite extinguish, the stars in question. 

['The question of variable stars, one of the most puzzling in the whole 
domain of astronomy, has recently engaged the attention of Mr. Balfour 
Stewart. He remarks: ‘ We are entitled to conclude that, in our own 
system, the approach of a planet to the Sun is favourable to luminosity, 
and especially in that portion of the Sun which is next the planet. Let 
us take variable stars. The hypothesis which, without being physically 
probable, gives yet the best formal explanation of the jyhenomenon there 
represented, is that which assuimes rotation on an axis, while it is supposed 
that the body of the star is not equally luminous on every part of its 
surface. Now if, instead of this, we suppose such a star to have a large 
planet revolving round it at a small distance, then, according to our 
hypothesis that portion of the star, which is near the planet, will be more 
luminous than that which is more remote; and this state of things will 
revolve round as the planet itself revolves, presenting to a distant spectator 
an appearance of variation, with a period equal to that of the planet. Let 
us now suppose the planet to have a very elliptical orbit ; then for a long 
period of time it will be at a distance from its primary, while, for a com- 
paratively short period, it will be very near. We should, therefore, expect 

* The idea of Manpertuis, that among the suns there are, doubtless, some of 
which the forms differ from a sphere, and which are presented to us, by reason of 
movement of rotation, sometimes in section, sometimes in plan, scarcely seems in 


accordance with the principles of mechanics, which account for the figures of 
eelestial bodies. 


@e 
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a long period of darkness, and a comparatively chort one of intense light, 
precisely what we have in temporary stars.’ | 

Among the variable stars binary couples are noticed. Such is y 
Virginis, of which we have had occasion to cite the movement of revolu- 
tion. The two stars which compose it have changed in brightness, and 
the most brilliant has become inferior to the other at the end of some 
years. The variable star, a Cassiopes, is also a double star; according to 
Struve there are many others. ‘That which is especially of great im- 
portance,’ remarks that eminent astronomer, ‘is, that it can be demonstrated 
from this variability of double stars, that they move round an axis of 
rotation, and that, in consequence, we have found a fresh analogy between 
these systems of many suns and our planetary system.’ On the hypothesis 
of dark satellites it will be seen that, if the analogy seized upon is different, 
it is not less curious. 

According to Mr. Hind, the colour of a great number of variable stars 
is red: but that is not an essential characteristic; if Mira is of a red 
colour, when at its faintest, the light of Algol is white.* 

As we advance in the study of the stellar world, the apparent uniformity 
of the heavens, in which the indifferent spectator at first only sees a multi- 
tude of luminous points always the same, always immovable, gives place 
to a most rich and varied picture. The number of phenomena of which 
we are the witnesses is only equalled by the moulds of time and space in 
which they are cast. 


* [We are enabled, by the kindness of Messrs. Knott and Baxendell, to add here 
a woodcut (fig. 140a), which will give the reader an idea of the method adopted by 
our observers in this class of observations. 

By successively contracting the aperture of the telescope, stars of all magnitudes 
can be made to disappear. Finding by experiment with what aperture stars of known 
magnitude became just extinguished, the VIIL. hours 
aperture at which a star so disappears be- : 


° e e . o ) . 2 « bee 
comes an index of its magnitude. Prepara- - -°™ i 4 
tory, therefore, to commencing operations on 2 
a variable star, the observer furnishes him- + 2 


self with a chart of the surrounding stars, 
with a selected list of conveniently situated 
comparison stars, whose magnitude is care- 
fully measured in the munner we have 
indicated. The ‘comparison stars’ are 
lettered for convenience of reference. The 
observer then compares the variable with 
those stars on the list which differ least from 
it in brightness, and carefully estimates the 
difference in tenths of a magnitude. He 
thus obtains several independent values for 
the magnitude of the variable at the date of 
observation. The mean of these is adopted 
for the night. The successive observations & yy m, 28 MD. 30 m. 
are laid down on cross-ruled paper, the Fig. 1400,—Variable Star Chart. 
dates of observation forming the abscisse, U Cancri. (Knott.) 

and the mean magnitudes the co-ordinates. a 

Through the points thus obtained a curve is laid down; this is the light-curve, 
and from it the dates of maximum and minimum brightness are determined.] 
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We have seen, in the Solar system, the most wonderful order governing 
the combination of the movements of the bodies which compose it, and 
the simplicity of the means by which the most astonishing differences are 
everywhere produced. In the sidereal world, the same harmony governs 
the suns even, the changes of which, as we have seen, are subjected to laws 
and regulated periods. 

It must not be thought, however, that it is necessarily thus with all 
celestial phenomena, and that regularity is the characteristic sign of the 
movements or transformations of stars. We are about to describe some 
phenomena which bear, for the most part, the appearance of sudden cata- 
strophes, or which, when they occurred gradually, were rapid enough for 
observers to register all their phases. These sudden changes will doubtless 
strike the imagination ; but our reason will none the more look upon them 
as prodigies, habituated as it is to see everything subjected to laws: 
Omnia reguntur numero, pondere et mensurd ! 


X. 
TEMPORARY STARS. 


New Stars—Temporary Star of 1572—Lost Stars—Explanation of these sudden 
Appearances and Disappearances. 


‘One night,’ writes Tycho Brahé, ‘as I was examining, as usual, the 
celestial vault, the aspect of which is so familiar to me, I saw with un- 
speakable astonishment, near the zenith, in Cassiopea, a star of extra- 
ordinary brightness. Struck with surprise, I could scarcely believe my 
eyes. ‘To convince myself that there was no illusion, and to obtain the 
testimony of other persons, I called the workmen occupied in my laboratory, 
and I asked them, as well as all the passers-by, if they saw, as I did, the 
star which had so suddenly made its appearance. I learnt later, that in 
Germany the coach-drivers and others of the people had acquainted the 
astronomers of a strange appearance in the sky, and thereby furnished 
occasion for a renewal of the accustomed railing against scientific men.’ 

It was in the course of November, 1572, that this strange apparition 
took place. 

The new star observed by Tycho had none of the appearances of a 
comet ; no nebulous head, no tail accompanied it ; it, moreover, remained 
completely immovable in the same point of the heavens during the 
seventeen months that it was visible. It twinkled in an extraordinary 
Manner, and at first its bnghtness exceeded that of Vega, Sirius, and 
even Jupiter at its smallest distance from the Earth. ‘It could only be 
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compared,’ says Tycho, ‘to that of Venus in quadrature.’ It a'so re- 
mained visible in the day, at noon, when the sky was clear. But, by 
degrees, its light diminished in intensity. 

In January, 1573, it was already less brilliant than Jupiter; from 
the month of April it passed from the firet to the second magnitude : 
after this it rapidly decreased, ard disappeared at last in March, 1574. 

Not only was this 
extraordinary star va- 
riable in its brightness, 
but even its colour 
was subjected to rapid 
changes ; first, white 
during the first two 
months, the period of 
its greatest brilliancy : 
afterwards it passed 
to yellow, then to red. 
Tycho then compared ‘ 
it to Mars, to Betel- 
geuse, and especially 
to Aldebaran. Lastly, 
in the spring of 1573, Fig. 141 —New and temporary star of 1572, in Cassiopea. 
the red colour reap- 
peared, and remained until the end of its visibility. 

Several similar appearances have been noticed in more remote times 
in various regions of the sky; two of them are especially interesting. 
They were observed in 945 and in 1264, between Cepheus and Cassiopea, 
nearly in the same position as that taken up by the Pilgrim, the name 
given to the star of 1572. If this identity were actually established, 
temporary stars would then be shown to be no other than periodical 
variable stars, a conclusion at which we have before hinted; and the only 
difference between them would arise from the inequality of the cycle of 
variability, and of the intensity of the variations. 

[From a careful reduction of the places recorded by Tycho Brahé, 
Argelander has arrived at the following figures, as giving its position 
for 1865 :— 





R.A. Decl. 
B 


h m ‘ ; ii 
4°19 57:7 . ‘ ‘ ° +63 23 So-4 


taking up the theory that this temporary star is really a long-period 
variable, he has been inquiring whether any suspicious star exists in or 
near the above place. He finds that D'Arrest has observed a star of the 
104 magnitude, in the following position :— 
RA. Decl. 
h m_ =°38 e 4 
4 19 30 F : “ ° +60 229 
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Many years ago observers sought in vain for a star in this position, and, 
it may be, that D’Arrest’s star may be the great temporary star of 1572 
slowly recovering its light. Nor are the intervals between the dates we 
have mentioned widely different; the mean of them gives 1885 as the 
epoch of its maximum. |] 

Since the observation of Tycho Brahé, many temporary stars have 
been seen in the constellations of Serpentarius and Cygnus.* 

But the most brilliant of all these—that of 1604, which was, how- 
ever, inferior to that of 1572—-was especially remarkable by its vivid 
scintillation ; it disappeared like the first, leaving no trace behind. 

Among these stars some have been recorded which, after having 
varied in brightness, have remained visible, preserving permanently their 
last phase of brightness. 

Lastly, some stars, the first appearance of which was not observed, 
have disappeared. Hence the names temporary stars, new stars, and lost 
stars, given to these three kinds of stars respectively. 

[In May, 1866, a star appeared in Corona Borealis, shining as a star 
of the second magnitude, in a place where a star of the tenth magnitude 
had been charted. Examined by Huggins and Miller with the spectro- 
scope, it was found to have a spectrum crossed by fine black lines, on 
which was superposed the spectrum of glowing hydrogen. As the star 
faded the hydrogen spectrum waned, finally disappeared. Probably there 
had been an outburst of glowing hydrogen, or a conflagration, in which 
hydrogen was the principal agent. The star, when at its brightest, was 
800 times brighter than it had before been, or than it now is.—R. A. P.] 

If the phenomena of variable stars are to be explained as due to some 
stupendous process of combustion——some sudden conflagrations taking 
place on the surfaces of bodies until then obscure, by progressive extinction 
inducing first a decrease of brightness, and afterwards disappearance— 
such catastrophes are well adapted to strike our imagination, and to de- 
stroy the ancient idea of the immutability of the heavens. 

Humboldt protests against the hypothesis of destruction : ‘That which 
we see no more,’ he says, ‘has not necessarily ceased to exist... . The 
eternal play of apparent creation and apparent destruction does not prove 
an annihilation of matter; it is a pure transition towards new forms, de- 
termined by the action of new forces. Some stars, which have become 
obscure, may again suddenly become luminous, by the renewal of the 
same conditions which, in the first instance, developed their light.’ 

Some astronomers attribute these appearances and disappearances to 
the movement of nebulous masses, not self-luminous; a kind of cosmical 
cloud, interposed between the star and our system, might produce an 

* Most of the new or temporary stars have made their appearance either in or 
near the Milky Way. Tycho hence concluded that these bodies were formed of the 
matter of which this great nebula was then thought to consist; but this opinion, at 


present, is inadmissible, since it is now known that the Milky Way is entirely com- 
posed of distinct stars. 
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eclipse, and this eclipse might cease when the ‘clouds’ had entirely passed. 
Thus, lost stars, as well as new and temporary stars, would be at once 
explained. 

We will bring this chapter to a close with a description of the most 
astonishing of all the phenomena of this kind, —namely, the variations of 
the star 7 Argis; a singular star, 
which can be classed neither among 
the temporary nor among the variable 
stars. 

Towards the end of the seven- 
teenth century this star was only of 
the fourth magnitude; less than a 
century after, in 1751, it attained 
the second. Sixty years later, it again 
descended to its first brightness, 
increasing anew until the year 1826. 
From that epoch, it has passed 
through the most astonishing phases, 
oscillating between the first and 
second magnitudes, sometimes equal Fig. 142.—Variable star, Eta Argds. 
to a Crucis, then to « Centauri; sur- 
passing Canopus, and approaching lastly to Sirius. [It is now barely visible 
with the naked eye—R. A. P.] The rapidity of these changes, their 
unequal periods, the long duration of this state of variability, the impos- 
sibility of finding a law more or less regular, all contribute to make this 
beautiful star one of the most curious objects of the sky. 

Let us think for a moment on the actual phenomena, which give rise 
to such metamorphoses. Let us reflect on the vicissitudes necessarily 
undergone by the planets which move round such a strange sun, arising 
from the variations in the intensity of its light and heat, and on the 
stupendous changes which are the necessary consequence. Perhaps our 
Sun has been, or will be one day, the scene of like variations, which are 
only, after all, the manifestations of the eternally active forces which govern 
all systems. 
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XI. 


STAR-GROUPS. 


Natural Groupings of Stars—Groups Visible to the Naked Eye —The Pleiades — 
The Hyades— Presepe. 


Ars the stars that are visible to the naked eye spread orderless on the 
celestial vault? or is there not between those, apparently most closely 
connected, some real or physical connexion which requires us to rank them 
in natural groups ? 

These questions have been already partly solved, by what is known of 
the double and multiple star-systems. Soon, exploring the regions of the 
sky visible by means of the telescope, we shall have to pass in review a 
multitude of stellar associations, in which suns are found so compact 
and so numerous, and the form of the groups so regular, that it is im- 
possible to deny their reciprocal dependence. 

But long before the discovery of these islands, these archipelagos of worlds, 
scattered with such astonishing profusion over the infinite, the naked eye 
had already distinguished a 
certain number of groups, 
the stars composing which 
were so near together that 
it was impossible to doubt 
their physical connexion. 

Such, for example, is the 
group of the Pleiades. 
Such, again,are the groups 
known under the names of 
the Hyades, of Presepe, 
and of LBerenice’s Hair. 
All are visible to the naked 
eye, and good eyes distin- 
guish without difficulty 
the principal stars of the 
first-named groups. The 
Pleiades (fig. 143) are sit - 
uated in the constellation 
of the Bull, which we can distinguish so easily, to the north-west of 
Orion and Aldebaran. 

Of about eighty stars, which form the group of the Pleiades, six are 
visible without the help of telescopes. Formerly, the Latin poet tells us, 
seven were counted, which may be held to prove that one of them is 
variable, and has diminished in brightness, or else has disappeared. 





Fig. 148.—Tho Pleiades. (Harding.) 


STAR-GROUPS. 31 


[But the power of different eyes in distinguishing stars in a group of 
this kind, varies extremely, and Ovid’s remark,— 


‘Que septem dici, sex tamen esse solen‘t,’ 


although it still ordinarily applies, must not be insisted on too strongly. 
One member of the family of the Astronomer Royal habitually sees seven 
stars, and on rarer occasions twelve—those shown in the accompanying 
diagram (fig. 144).] 

The most brilliant, Alcyone, is of the third magnitude; Electra and 
Atlas are of the fourth ; Merope, Maia, and Taygete, of the fifth. Three 
others again have received particular names, although they are below the 
limit of ordinary vision; these are Pleione, Celeno, and Asterope, from the 
sixth to the eighth magnitude. All the others are only visible by the aid 
of a telescope; but with an ordinary glass it is possible to distinguish a 
large number. The Pleiades * 
are known under the name of 
the Hencoop, doubtless because 
Alcyone appears in the group 
as a hen surrounded with her 
chickens. 

The Hyades, which are 
near the Pleiades, form a less 
numerous and more scattered 
group. The bright light of 
Aldebaran, which is, as is 
known, of the first magnitude, 
renders them more difficult to 
distinguish with the naked eye. 

They appear in the rainy 
season. Hence their name of 
Hyades, from the Greek word 
which signifies ‘ to rain.’ 

The connexion of the stars 
which compose this group is 


not so striking as in the case TEE TRE ae am 
i . 144,— seen naked eye. 
of the Pleiades. Nevertheless, ** 6 Pleiades as y 





it seems difficult to admit that they are quite independent of each other’s 
attraction. In examining the position of these two groups in the vicinity 
of the Milky Way, and observing that both are situated in the prolonga- 
tion of a branch of the great zone, we are almost entitled to consider them 


* The ancient poets also called them Hesperides, or Atlantides. The name of 
Pleiades is stated to have been derived from #:iv, which signifies ‘to navigate :’ 
because, according to Lalande, inthe spring and near the epoch, when they rise with 
the Sun, the season for navigating the Mediterranean commences. Others say that 
these stars were dreaded by mariners, on account of the rains and storms which 
seemed to rise with them, which they attributed to their influence. 
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as two clusters of stars belonging to the immense stellar stratum which 
surrounds us, and in the midst of which it will be seen that the Sun 
himeelf is placed. 

In Berenice’s Hair, most of the stars are visible to the naked eye, and 
are perfectly distinguished in the sky, a little to the east of the Lion. No 
very brilliant star in the vicinity inconveniences the eye by effacing their 
light. 

F The next group is situated in the Crab, and is known under the name 
of Preesepe ; it is visible to the unassisted sight: but it is impossible to 
distinguish the separate stars without the help of a telescope. Never- 
theless, an instrument of moderate power easily separates them, and they 
then take the aspect represented in fig. 146. 

The groups which we have just described form a transition between the 
stars scattered over the celestial vault and the more condensed clusters, the 

Waehied ‘Aspect of which cameed them formerly to be designated under 

ei ae the general name of Neb- 
ule. [This designation, 
however,is now much more 
limited, as we shall see 
by-and-by. | 

Doubtless, if we could 
place ourselves in space, and 
contemplate from a suffi- 
ciently distant stand-point, 
the whole of the stars which 
appear to us isolated, we 
should see them condensed 
into one or several distinct 
groups, analogous to those 
of the Pleiades; whilst, 
were we to penetrate into 
the midst of one of these 
Fig. 145.—The Hyades. (Harding.) compact clusters, we should 
see the stars of which it is formed separated, and scattered over the celes- 
tial vault in such a way as to give it the aspect of our own heavens. 

[It is certain, however, that even among the stars visible in our own 
heavens, laws of aggregation and segregation can be noticed. Instead 
of that generally uniform distribution over the heavens which has so long 
been assumed to prevail, there are regions where lucid stars are gathered 
together in much greater numbers than elsewhere, and others where such 
stars are remarkably infrequent. The present writer has indicated the 
regions of greatest richness and poverty. In the northern heavens the 
rich regions cover the north polar constellations, and extend to Lacerta, 
Cygnus, Lyra, and Hercules. In the southern they surround almost 
centrally the Greater Magellanic Cloud, and cover nearly half of the southern 
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heavens. But the Milky Way is also a region of great richness, as re- 
spects lucid stars (that is, stars visible to the naked eye), not only where 
it crosses the before-named rich regions, but throughout its whole extent. 
In the southern heavens stars are nearly three times as richly spread over 
the Milky Way as over the heavens generally ; in the northern the pro- 
portion is not quite so great, but is still large. When we note that the 
Milky Way compared with 
the rest of the heavens as 
regards extent, is as 1 to 
10, while, as regards the 
number of stars the ratio 
is as 1 to about 44, we 
see at once that there is a 
well-marked aggregation 
of stars along the Milky 
Way. Yet the gaps and 
lacune: in the Milky Way, 
and the regions of the sky 
bordering upon it, are sin- 
gularly bare of stars. The 
conclusion is obvious, and 
may be regarded as demon- 
strated, that the lucid stars 
seen on the Milky Way 
are really imme: sed among 
these stars (which must needs therefore be much smaller), whose combined 
light produces the milky light of the Galaxy.—R. A. P. | 

[Since the above was written the true nature of the Milky Way has 
been demonstrated by the construction of a chart including all the stars 
visible in the northern heavens with a telescope 22 inches in aperture, or 
324,000 stars in all. These, though only extending to the eleventh magni- 
tude, show the Milky Way almost exactly as Heis sees it with the naked 
eye, proving beyond dispute that the conclusion above indicated is correct. 


—R. A. P.] 





Fig. 146.—Priesepe in Cancer. 
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XII. 
STAR-CLUSTERS. 


Clusters of Stars of Globular and Spherical Form—Enormous number of Stars in 
certain Clusters—Clusters in Perseus, Centaurus, Toucan, Aquarius, &c.—Curious 
Forms of some Clusters. 

Amone star-clusters, a very small number, as we have before remarked, 

are bright enough or considerable enough to be visible to the naked eye. 

In all of these, the stars are so close together, that it is impossible not to 

recognise in them real stellar groups,—real companionship,—real systems 

of Suns. 

[ Of this class, the cluster in Perseus is at once a striking example, and 
one of the most glorious objects in the heavens. Let the reader search for 
its faint glimmer in the Milky Way, between the bright stars in Cassiopea 
and Perseus, and turn even a small hand-telescope upon it, the sight will 
well repay him; but if a six-inch or a larger aperture can be used, he 
will never forget the glorious picture unfolded before him. | 

Their generally rounded form gives them a cometary aspect, and ob- 
servers, not completely familiar with the divers regions of the sky, may 
easily be, and indeed sometimes are, mistaken in their nature; although 
the permanence of their form, and especially of their position, is a charac- 
teristic which should suffice to distinguish them from comets. 

There are also some clusters, although these are not numerous, the 
contours of which are very irregular; in these, the number of the stars is 
generally much smaller than in the clusters of globular form, and their 
distribution is also very different. If we look at the figures 1, 2, 3 (see 
Frontispiece), we shall be struck with the remarkable condensation of the 
luminous points at the centre. ‘This condensation is easily explained, if we 
suppose that the real form of the cluster is nearly that of a spherical globe. 
Then, even on the hypothesis that the stars are equally distributed, it will 
be understood, that, as the visual ray traverses its centre throughout all 
the extent of its diameter, and as in approaching the borders it traverses 
smaller and smaller portions, the laws of perspective will account for the 
apparent collection of the luminous points at the centre. 

But the increase of brightness from the border to the centre is often 
more rapid than the hypothesis of an equal distribution of the stars in the 
interior will sanction. It has been held, therefore, that, besides the appa- 
rent or purely optical condensation, there exists a real condensation, which 
ig produced, doubtless, by the influence of the central forces, resulting from 
the separate attractions of each of the suns which compose these systems. 

* How can these isolated systems,’ says Humboldt,* ‘be maintained ? 


* ©Cosmos,’ vol. iii. p. 153. 
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How can the suns, which crowd at the interior of these systems, accomplish 
their revolutions freely and without clashing ?’ 

These questions, which apply to all clusters, are the most difficult of 
all the problems of celestial mechanics. But it must not be forgotten that 
these stellar aggregations 
are situated at great dis- 
tances, and that their 
particles, so to speak 
which seem to us so near 
one another, have between 
them intervals perhaps as 
considerable as the dis- 
tance of our Sun from 
the nearest star. Their 
movements are, therefore, 
doubtless effected with all 
freedom, through spaces 
as vast as the general 
equilibrium necessitates, 
and with a relative slow- 
ness proportionate to the 
dimensions of their orbits. 

The number of stars Fig. 147.—Star-cluster near # Centauri. (Sir J. Herschel.) §.: 
contained in clusters of a globular form is often prodigious. 

We have seen that the cluster of the Southern Cross, so curious on ac- 
count of the varied colours of its components, only contains 110 stars, but 
Herschel has calculated that many clusters contain 5000 collected in a space, 
the apparent dimensions of which are scarcely the tenth part of the surface 
of the lunar disk. 

Such is the cluster situated between the two stars 7 and ¢ 
Herculis (Frontispiece, No. 2), one of the most magnificent in our northern 
heavens on fine nights; this cluster is visible to the naked eye as a lumi- 
nous spot of rounded form ; in the telescope, it is resolved into a multitude 
of stars, and preserves its globular appearance, but is fringed on the borders 
with several threads of outlying stars, 

The cluster near w Centauri (fig. 147) is also visible to the naked eye, 
and shines as a star of the fourth or fifth magnitude; it is resolved, by 
very powerful instruments, into a multitude of stars greatly condensed 
towards the centre, the light of which varies between the thirteenth and 
fifteenth magnitudes. 

The beautiful cluster in Aquarius, which Sir J. Herschel's drawing 
exhibits as fine luminous dust (Frontispiece, No. 4), when examined through 
the Earl of Rosse’s powerful reflector appeared (fig. 148) like a magnificent 
globular cluster, entirely separated into stars. 

But the most beautiful specimen of this kind is, without doubt, the 
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splendid cluster in Toucan, quite visible to the naked eye in the vicinity of 
the Smaller Magellanic Cloud, in a region of the southern sky entirely void 
of stars. The condensation at the centre of this cluster is extremely de- 
cided ; there are three perfectly distinct gradations, and the orange red 
colour of the central agglomeration contrasts wonderfully with the white 
light of the concentric envelopes. 

The clusters of spherical form are ordinarily the richest, and the ‘ele- 
écope has the least difficulty in analyzing them into stars. 

Nevertheless, among the others there are some, the resolution of which, 
until lately impossible, has been accomplished by the use of telescopes of 
the greatest optical power. Such is the oval nebula in Andromeda, of which 
more anon. . 

Here are some curiously formed clusters (fig. 150), in which every in- 
dication of concentration has disappeared, The drawing which represents 
the cluster in the Twins (Frontispiece, No. 6) shows it to be intermediate 





» Fig. 148.—Cluster in Aquarius. (Lord Rosse.) 


. between the irreguler groups, and the clusters of decidedly spherical form 
which we have passed under review. At the summit ofa kind of pyramid— 
* the form of this singular cluster—the luminous points seem to press towards 
& preponderant mass. In the clusters in fig. 150 nothing similar is seen. 
The clusters are not equally distributed over the heavens; they are 
most numerous in the Milky Way, and in the two Magellanic Clouds. 
The region richest in globular clusters is situated in the southern hemi- 


sphere, and forms an important portion of thd Milky Way, comprised 
an 





Fig. 149.—Cluster in Toucan. (Sir J. Herschel.) 


between the constellations of the Wolf, Altar. Scorpion, Southern Cross 
and Sagittarius. ; 





ig. 1£0.—Clusters of singular forms. ha J. ma hereg t 
1. Cluster in Scorpio. Cluster in the Altar, 


In describing the most beautiful of the star-clusters, that of Toucan, 
Y 
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we remarked that the central part is rose colour, surrounded with a white 
concentric border. The cluster being entirely resolved into stars, this 
coloration evidently belongs to each of the components ; a fact which will 
not surprise us, after that which has been seen of the simple and double 
coloured stars. 

The cluster in the Southern Cross, which, as we have seen, is formed 
of a great number of white stars, interspersed with some red, green, and 
blue stars, appears as a white cluster. On the other hand, we have 
quoted a cluster of the southern sky entirely composed of blue stars. 

The colour of these star-clusters is then easily explained by the pre- 
dominant colour of the stars of which they are composed. 


XII. 
THE MILKY WAY. 


General Aspect of the Milky Way—Its Course through the Northern and Southern 
Constellations — Resolvability into Stars and Star- Clusters — Impenetrability of 
certain regions of the Milky Way. 


Witt the exception of the Magellanic Clouds, of which more anon, and 
a few star-clusters, all the star-groupings which we have yet reviewed are 
invisible to the naked eye. Their extremely small apparent dimensions 
contribute to this result, bearing in mind the prodigious distances at 
which they lie from the solar world,—distances which so considerably 
weaken the brightness of the component stars. 

It is not thus with the Milky Way. The light of this immense zone 

is, one might almost say, bright; its extent, which embraces the entire 
circumference of the starry vault, and its breadth, are so considerable, that 
it is readily distinguished at the first coup d’cetl, whenever the apparent 
movement of the heavens brings it above the horizon. 
. This last circumstance occurs, it is true, every night of the year and 
in all latitudes ; but the Milky Way is much better visible when it rises 
to a great height; and to see it best we must, therefore, choose certain 
epochs of the year or certain hours of the night. 

The general appearance of the Milky Way is that of a long nebulous 
train, which follows very nearly the circumference of a grand circle of the 
celestial vault. First of all, it may be remarked, that it is divided into 
two principal branches throughout nearly half its entire length. Its 
breadth is very variable ; sometimes it contracts so‘as to occupy no more 
than six to eight times the lunar diameter, at. others it spreads out to an 
extent four times as great. 

Before stating what is known of the composition and structure of this 
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immense congregation of stars,” let us describe it as a whole, noting the 
principal constellations which it traverses in both hemispheres. We will 
avail ourselves for this purpose of the two Plates XIX and XX, which 
show it as it is seen in a small telescope, with the variations in form and 
brilliancy which its different ramifications present. 

The northern half of the Milky Way extends from the constellations 
of the Eagle and the Serpent to the Unicorn, at the altitude of. and near, 
the belt of Orion. Divided into two branches from the Equator as far as 
the Swan, it passes by Atair, and traverses the Arrow and the Fox, besides 
the constellations before named. Near the Swan a dark opening is ob- 
served in it, a kind of gap through which the sight plunges into the 
distant regions of the sky beyond the regions occupied by this zone. One 
branch is directed towards the Little Bear and Cepheus, and it is in this 
part that it approaches nearest to the northern pole of the heavens. It 
afterwards bears away under the form of a single and narrow branch, 
which traverses Cassiopea, passes by the Waggoner very near Capella, 
borders the eastern portion of the Twins, and of the Little Dog, and the 
southern portion of Orion. Before arriving at this point, a branch leaves 
the main portion in Perseus, and stretches as far as the Pleiades, where it 
is lost. 

The northern portion of the Milky Way presents the greatest intensity 
in the Eagle and in the Swan: in Perseus and near the Unicorn, it is the 
least luminous. 

Let us now follow its course through the southern hemisphere. After 
having crossed the Equator and passed Sirius, it enters the Ship, gradu- 
ally increasing in brightness; it is then divided into several branches 
which extend fan-like over a large area, and disappear all at once, re- 
appearing further on in the same constellation. ' 

These branches are again united in the Centaur and Southern Cross, 
at a point where the breadth of the Milky Way is at its minimum. Here 
is the famous Coal-Sack, a dark gap in the form of a pear; surrounded 
on every side by the nebulous zone, the eye can only perceive in it one or 
two stars. 

Very near a Centauri, the Galaxy is divided anew into two principa] 
branches, with numerous ramifications, and the bifurcation continues through 
the Wolf, the Altar, the Scorpion, and Sagittarius, as far as the Serpent. 
‘Then the two branches again cross the Equator and rejoin the northern 
part of the Milky Way, at the point where our description began. 

In this immense course, which embraces, as we have said, a complete 
great circle of the celestial vault, the glimmer of the star-cloud is extremely 
variable. We have seen that the brightest part of the southern Milky Way 
is that which traverses the Eagle and the Swan. In the southern hemi- 
sphere, the part comprised between the Ship and the Altar is still more 
remarkable. But, as Humboldt has observed, thereis a circumstance which 
still more increases the magnificence of the Milky Way in the southern 
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hemisphere; this is the vicinity of a long zone of very brilliant stars, which 
we have already remarked in reviewing the constellations,—a zone which 
begins A Sirius in Canis Major, traverses the Ship and the beautiful stars 
of the Cross, the Centaur, and the Scorpion. According to an English 
observer, Captain Jacob, the rising of this portion of the hcavens is 
heralded by a general illumination of the sky, so decided that he compares 
it to the light of the new moon. 

When the Milky Way is examined by the help of telescopes, it is 
resolved into a multitude of stars very near together, but very irregularly 
arranged. Star-clusters of irregular form are especially very numerous; but 
globular clusters are only found in the brightest portion of the southern 
zone. ‘If some regions,’ says Humboldt, ‘ present large spaces where the 
light is uniformly spread, there are others where spaccs, shining with very 
bright lights alternating with others poor in stars, cover the sky with an 
irregularly luminous network. We find also, even in the interior of the 
Milky Way, dark portions where it is impossible to discover a single star 
even of the eighteenth or twentieth magnitudes. At the sight of these 
absolutely void regions, it is impossible not to believe that the visual ray 
has really penetrated into space, traversing the entire thickness of the stellar 
stratum which surrounds us.’ * 

In many parts this febulous zone has been so completely resolved that 
the stars appear projected on a black ground, absolutely deprived of all 
nebulosity. But in other regions a whitish glimmer is still perceived 
behind the stars, which shows that in these directions the Milky Way is 
really impenetrable. 

We shall by-and-by examine mai is, in all probability, the real form 
of the Milky Way, and what inferences may be drawn from it as to the 
general structure of the visible Universe. 


XIV. 


PHYSICAL AND CHEMICAL CONSTITUTION 
OF THE STARS. 


Stars are Suns. This is the last verdict of Science on the constitution of 
these so prodigiously distant bodies. For a long time the fact has been 
dawning on us, and already men of science and genius have based on this 
idea brilliant researches on the general structure of the universe. 

But how could we hope to be able to pass beyond the domain of con- 
jecture in this matter? Were we to imagine that optical instruments, 


* Humboldt, ‘ Cosmos,’ vol. iii. p. 159. 
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refractors, and reflectors, the construction of which is already so perfect, 
would acquire by new progress a power superior to that they now possess, 
and penetrate to depths of space a thousand times more considcrable than 
those they already reach, what would result ? 

That many of the suns nearest to us might then be scrutinized, at 
200, 600, or 1000 times the distance of our Sun: this would be a step 
certainly not to be despised, but at most we should only be able to esti- 
mate their real dimensions by the measure of their apparent diameters, 
which might then possibly become sensible. 

Fortunately for us, this unexpected, if indeed not impossible, perfection 
of optical instruments is not requisite. Thanks to an admirable method of 
analysis, which enables us to affirm by observation of a luminous spectrum 
the presence or absence of certain substances in the light-source,—in a 
word, thanks to spectrum analysis, we arc now able to say that such and 
such a metal, as iron, copper, or mercury, exists in a certain star; that 
another contains sodium or manganese. Already have we discovered, in 
Sirius, Aldebaran, a Orionis, Vega. and others, the presence of many 
substances known in our world, and of others with which we are not ac- 
quainted: and this new branch of astronomy promises the most interesting 
and abundant harvest. . 

‘In presence of such astonishing conquests of Science we do not know 
truly which to admire the most, the magnificent chain of natural phenomena 
which enables us to conclude from one fact, actual or present, another fact 
past or future, of which the theatre is, as it were, at an infinite distance; or 
the power of penetration of the human mind which patiently seizes each 
link in the chain of facts, and connects the most distant and the most in- 
visible with those which are at our very doors. 

[Let us endeavour to give an idea of this branch of research, and of 
the progress already made. We have already referred, in our Chapter on 
the Sun, to the solar spectrum, which was familiar to man’s gaze in the 
rainbow, that child of showers and rain-drops, long before Philosophy 
claimed it or utilised its teachings. What nature does by means of a 
rain-drop, physicists accomplish by means of a prism; and the first 
teaching of the prism was, that a beam of light is not a single thing, but 
a bundle of things, called rays, each with its own special mission, as if 
each had a master of its own, and had a different tale to tell or note to 
sing. And soit has. Let all the rays in a sunbeam sing in chorus, and 
the chord which falls on our eye, as sound would fall on our ear, is white. 
Now, let the beam be sent through the prism, and let the latter work its 
spell; the chord has vanished. In place of it we find each ray with a 
coloured note, and may liken the glorious coloured band, which we call 
the solar spectrum, to the key-board of an organ; each ray a note, each 
variation in colour a variation in pitch; and as there are sounds in 
nature which we cannot hear, so there are rays in the sunbeam too subtle 
for our eyes. 
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But observe the spectrum of the sunbeam more closely ; there are gaps 
which we may liken to silent notes. How is this? Let us try an experi- 
ment; let us light a match, or anything which burns white, and observe 
its spectrum. It is continuous; that is, from reddest red, through the 
whole gamut of colour, to the visible limit of the violet, each ray accom- 
plishes its special mission, tells its tale and sings its song. There are no 
silent notes, no dark lines breaking up the band. 

Let us try another experiment, Let us burn something which does 
not burn white ; some of the metals will answer our purpose. We see at 
once by the brilliant colours which fall upon our eye from the vivid flame, 
that a different chord is struck; but let the prism work again its spell, 
and tell us the notes. 

This time we shall find, not only that the spectrum is not continuous, 
but that the chord consists perchance of only two, three, four, or more 
single notes, as if on an organ, instead of striking down all the keys, we 
but sounded one or two notes in the base, tenor, or treble. 

Again, let us try still another experiment. Let us so arrange our 
prism, that while a sunbeam is decomposed by its upper portion, a 
beam proceeding from such a light-source as sodium, iron, nickel, copper, 
or zinc, may be decomposed by the lower one. We shall find in each 
ease, that when the bright dines of which the spectrum of the metals con- 
sists flash before our eyes, they will occupy absolutely the same positions 
in the lower spectrum as some of the dark bands, the silent notes, do, in 
the upper solar one. | 

Here, then, is the germ of Kirchhoff’s discovery, on which his 
hypothesis of the physical constitution of the Sun is based; here is the 
secret of the recent additions to our knowledge of the stars, for stars are 
suns, and Nature’s laws are the same for all. 

Vapours of metals and gases absorb those rays which the same metals 
and gases themselves envit. 

We are now in a position to inquire, what has become cf those rays 
which the dark lines in the solar spectrum tell us are wanting —those rays 
which were arrested in their path, and prevented from bearing their 
message to us? Before they left the regions of our incandescent Sun, they 
were arrested by those particular metallic vapours in his atmosphere, 
with which they beat tn unison ; and our assertion, that this and that 
metal exists in a state of vapour in the Sun’s atmosphere, is based upon 
their non-arrival: for so marked, various, and constant are the pcsitions 
of the bright bands in the spectra w2 can observe here, and so entirely du 
they correspond with certain dark bands of the spectrum of the Sun, that 
it can be affirmed, that the chances against the hypothesis being right are 
something like 300,000,000 to 1. 

So much for the Sun. Fraiinhofer was the first to apply this method 
to the stars; and we have lately reaped a rich harvest of facts, in the 
actual mapping down of the spectra of several of the brightest stars, and 
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the examination more or less cursory of a very large number. In all, the 
plan of structure has been fonnd to be the same; in all we find an atmo- 
sphere sifting out the rays, which beat in unison with the metallic and 
gaseous vapours which it contains, and sending to us the residuum, a 
broken spectrum abounding in dark spaces. But how eloquent is silence 
sometimes! Who would think, that in those gaps would lie the secret of 
the physical constitution of distant worlds, and detailed information as to 
the constituent materials ? 

Let us see what Dr. Miller and Mr. Huggins, two of the latest 
labourers in the field, can tell us. 

Take the spectrum of Aldebaran, for instance; the coincidence of the 
bright bands of light given out by sodium, magnesium, hydrogen, calcium. 
iron, bismuth, tellurium, antimony, and mercury, with dark lines in the 
solar spectrum, has heen proved, seven other elements Leing tried and 
rejected. In Betelgeuse, the coincidence of sodium, magnesium, calcium, 
iron, and bismuth, has heen proved. 

The seventy or eighty lines already measured and mapped in each of 
these stars, represent some of the stronger only of the numerous lines which 
are seen in their spectra. Already we are beginning to think that in the 
spectra of the stars the chemist is introduced to many new elements. 

It has been mentioned as a very suggestive fact, that the lines of 
hydrogen corresponding with C and F of the solar spectrum are wanting 
in the spectra of a Orionis and /3 Pezasi, and these two stars only, out of 
more than fifty stars examined. 


& Pegasi contains sodium, magnesinm, perhaps barium. 


Sirius is sodium, maynesinn, iron, hydrogen. 
Vega . sodiuin, magnesitum, Iron, 
Pollux 6 sodium, magnesium, iron. | 


How forcibly are we here reminded of that gigantic query of the 
immortal Newton, ‘ Are not the Sun and stars great earths vehemently 
hot?" for surely a Orionis, with its atmosphere containing five of our 
elements, and Aldebaran. with nine, cannot be vastly different in con- 
stitution from cur Sun, the atmosphere of which contains ten—pvussibly 
fourteen—according to our present knowledge.* 

We have also, as has been pointed out by the observers we have 
named, pretty certain proof of the idea which has long been floating in 
many minds as to the cause of the colours of the stars, though their 
variability in colour, which has lately been so strongly insisted upon, is 


* ELEMENTS IN THE SUN. 


Sodium. Copper. . Cobalt, doublful. 

Iron. Zine, Strontium ,, 
Hydrogen. Calcium. Cadmium ,, 
Magnesium. Chromium. Potassium, probably not. 
Barium. Nickel. 


The above according to Kirchhoff, except Hydrogen. 
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still to be explained. They remark :—‘As spectrum-analysis shows that 
certain of the laws of terrestrial physics obtain in the Sun and stars, there 
can be little doubt that the immediate source of solar and stellar light 
must be solid or liquid matter maintained in an intensely incandescent state, 
as the result of an exceedinglv high temperature. For it is from such a 
source alone that we can produce light, even in a feeble degree comparable 
with that of the Sun. As the continuous spectrum of the light from 
incandescent solid and liquid bodies appears to be connected with thie state 
of solidity or liquidity, and not with the chemical nature of the body, it is 
highly probable that the light, when first emitted from the photospheres 
of the Sun and stars, should be in all cases identical, the differences of 
colour depending upon the differences of coustitution of the investing 
atmosphere, and these again intimately connected with the chemical con- 
stitution of the stars. The light of the stars will vary in consequence of 
the loss of different rays. For, in proportion as the dark lines occur more 
largely, or are more intense in particular parts of the spectrum, so will 
those colours be weaker, and the colours of the other refrangibilities will 
equally predominate.’ 

This, however, is but one of the sides of the inquiry. We are now 
furnished with many others. Thus, for instance, we must for the future 
look upon a Orionis and j3 Pegasi as worlds without hydrogen ; while, 
probably, the atmosphere of Sirius is more charged with vapours than is 
that of our Sun. 

These observations, as a whole, show that the stars differ from each 
other and from our Sun, only by the lower order of differences of special 
modification, and not by the more important differences of distinct plans 
of structure. There is, therefore, a probability that they fulfil an analo- 
gous purpose; and are, like our Sun, surrounded with planets, which by 
their attraction they uphold, and by their radiation illuminate and energize. 
It is remarkable that the elements most widely diffused through the host 
of stars are some of those most closely connected with the constitution of 
the living organisms of our globe, including hydrogen, sodium, magnesium, 
and iron. ] 


BOOK THE SECOND. 
THE NEBULA. 


[One of the most important discoveries of modern times has been that 
which has furnished evidence of a fact, long ago conjectured by the master 
minds among us, namely, that Nebula are something different from masses 
of stars, and that their cloud-like appearance is to be ascribed to something 
besides their possible distances, and the still comparatively small optical 
means one can bring to bear upon them. The discovery is still so recent, 
that there has not yet been time to sort out the real from the apparent 
nebulae. But we are, at all events, justified for the purpose of our present 
sketch, in accepting as xebulw everything hitherto classed as such, although 
it is nearly certain that the powerful means of differentiation which spectrum- 
analysis has now placed at our command will place many of them in the 
category of distant star-clusters—if, indeed, it does not in time indicate a 
transitional state. | 

If we examine the space in Andromeda which separates the square of 
Pegasus from Cassiopea, we shall readily perceive, a little below the line 
which joins these two constellations, a luminous mass—a little whitish 
cloud of elongated form, in which the eye cannot distinguish any stars. 

If we employ a telescope even of great power, the form becomes more 
defined, and the oval seems more decided, but the soft and pale glimmer 
of this little celestial cloud retains its nebulous appearance, and there is 
still no trace of a star. 

This is a nebula, well known under the name of tle Great Nebula in 
Andromeda.* 

The celestial spaces are strewn with a multitude of similar objects, 
varied in dimension, brightness, and form. All have received, on account 
of the cloudy appearance which they offer at first sight, the name of 
Nebulae. A very limited number are visible to the naked eye, a circum- 
stance explained by the smallness of their apparent dimensions, the feeble- 
ness of their light, and in some cases the vicinity of relatively bright stars. 
In the telescope they appear by thousands: more than 5000 are now 
known ; and this number increases in proportion as the different regions 
of the sky are explored with more powerful instruments. 


* Simon Marius, or Mayer, observed and described this nebula in 1612. It was 
the first which attracted the serious attention of astronomers, Forty-four years 
‘later, Huyghens discovered the great nebula which surrounds the sextuple star 
6 Orionis ; since that period, and especially since the end of the eighteenth century, 
the catalogues of nebulsee have been enriched with numerous observations, and a 
compiete branch of astronomy has been developed. 
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The question, What are the nebule? has long been asked. Wer 
they agglomerations of diffused matter ? celestial luminous clouds? or 
were they groups of condensed stars, which extreme distance rendered 
separately inyisible ? 

When studying the natural groups of stars, such as the Pleiades, we 
remarked that some eyes only distinguish a confused glimmer. ‘To such, 
the Pleiades put on the appearance of a nebula—a circumstance repro- 
duced in the case of a great many clusters, which, where the best eyes only 
distinguished an ill-defined Juminous mass, are transformed, as we have 
seen, by telescopes into a multitude of distinct stars. 

Hence, in the old classification, the first class of nebule comprised the 
star-clusters. Astronomers gave this name to all nebulosities, which tele- 
scopes entirely separated into stars. 

A second class comprised those partially separated into stellar points, 
but in which some portion resisted resolution. 

Lastly come the nebule, properly so called, in which the most powerful 
telescopes distinguished no stars. 

But this classification was held to be quite relative, and depending 
entirely on the optical power of the instrument, the sight of the observer, 
and purity of the sky at the time of observation. 

[This was true in the main, and still remains so; but, as we shall see 
by-and-by, we now recognise in the nebule proper a distinct physical 
constitution. | 


Before commencing our detailed description of the nebule, let us say a 
word on their distribution over the starry vault, This is very unequal in 
the northern hemisphere, and in those parts of the southern one visible in 
the northern temperate zone. 

The greatest number is found in a zone which scarcely embraces the 
eighth part of the heavens. The constellations of the Lion, the Great 
Bear, the Giraffe, and the Dragon, those of Boites, Berenice’s Hair, and 
the Hunting Dogs, but principally the Virgin, form this zone, which 
extends as far as the middle of the Centaur; it is known under the name 
of the nebulous region of Virgo. 

Nearly at the opposite pole of the sky, another agglomeration of nebulz 
embraces Andromeda, Pegasus, and the Fishes, and extends lower than 
the first-named constellation into the southern heavens. 

It is noteworthy that the regions nearest the Milky Way are the 
poorest in nebule, whilst the two richest regions lie at the two poles of 
that great belt in which the stars are so numerous and condensed. The 
nebule are more uniformly spread over the zone which surrounds the 
South Pole; they are at the same time much less numerous. On the 
other hand, there are two magnificent regions there, which alone contain 
neatly 400 nebule and star-clusters. 
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1. 
NEBULZ OF REGULAR FORM. 


Circular, Elliptical, Annular, and Spiral Nebule— Annular Nebule in Lyra— 
Spiral Nebulse in Canes Venatici, Virgo, and Leo. 
Tue forms, apparent dimensions, and intensity of the light of nebule, are 
extremely varied. The very different distances, doubtless, by which they 
are removed from us, have something to do with these appearances; but 





Fig. 151.—Nebuls of circular and oval forms. (Sir J. Herschel.) 


it is probable also that their real structure and dimensions, and the state 
and temperature of the matter of which they are formed, also influence 
their apparent characters. In the present transitional state of our know- 
ledge all classification is purely arbitrary, and it will be understood that. 
its only object is to infuse a little order into our inventory. We shall 
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then be guided in our description by the apparent forms assumed by the 
nebule; and we will begin with the nebulez of regular shape. 

The round, globular, or spherical form, is very frequent. It may pos- 
sibly be found that, in many cases, the nebulz which affect these appear- 
ances are nothing else than star-clusters ; their immense distances, or the 
extreme smallness of the stars which compose them, may prevent our dis- 
tinguishing separately the luminous points, which, even in the most 
powerful telescopes, only present a confused phosphorescent glimmer. 
Great probability is lent to this hypothesis, as we have before hinted, by 
the fact, that each new triumph of optical skill results in a resolution of 
some nebulx, before irreducible, and helps us at the same time to discover 
new nebule, at greater depths of space. 

. Fig, 161 gives some examples of cirenlar and oval nebulss; chosen 





Fig. 152.—Annular Nebule. 


1, In Lyra ra J, Hersche!), 2. Tho same (Lord Rosse). 8, Annular nebula in Cygnus. 
4. In Ophiuchus. 5. In Scorpio. 6. Nebula near y Andromedae. 


from a numerous collection of similar objects. The perfectly rounded 
form of some is seen to pass, by imperceptible gradations, to the most 
elongated ellipses, at last approximating to a straight line. Near the 
centre of some of these nebule a marked condensation of light is also 
noticed, which indicates an analogy with the spherical star-clusters. In 
some globular nebule the brightness does not increase in a continuous 
manner from the circumference to the centre; the gradation is replaced 
by concentrical strata, analogous to those which we noticed in the cluster 
in Toucan. This circumstance affords another point of resemblance be- 
tween the resolved globular clusters and the nebule of the same form. 

The oval form probably belongs to very flattened condensations pre- 
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sented to us edgewise, the degree of flattening being attributed either to 
their real form, or to an inclination more or less decided towards the 
region of the sky which our system occupies. Among the nebule of 
round or oval forn:, there are only a few which present another very pe- 
culiar and curious structure: we refer to the annular or perforated nebule. 

One very interesting example is situated in the constellation of the 
Lyre, not far from Vega, between the two stars (3 and y of that constel- 
lation. A nebulous ring of oval form surrounds a darker space, the pale 
uniformly spread y¢limmer of which resembles a ‘light gauze’ stretched 





Fig. 158.—Conical or cometary nebule.—1. In Eridanus (Sir J. Herschel), 2 In the Unicorn 
(Lord Rosse). 8. In the Great Bear (Sir J. Herschel), 
across the ring. Such is the appearance which this singular object at 
first presented (fig. 153, 1). 

Lord Rosse’s telescope has since’partially resolved the ring into lumi- 
nous points, and has shown 
paralle] lines in the open- 
ing; the exterior borders 
are also stellated with 
fringes (fig. 152, 2). 

_ Wereproduce here, from 
the drawings of Sir J. 
Herschel, two other annular 
nebule, one oval, the other 
round. The first (fig. 152, 
3), which is very similar to 
the nebula in Lyra, is situ- 
ated between the constella- 
tions of the Swan and the 
Fox; the second (fig. 152, 
4) in Ophiuchus. 

The oval form of the 
ring is already decided in Fig. 154.—Nebula in Argo. (Sir J. Herschel. ( 
the nebula numbered 8, 
which presents, moreover, a singularity which we shall again soon m2ct 
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with: two stars are situated on the ring, at the extremities of its smallest 
diameter. But in an annular nebula (fig. 152, 6), near the beautiful triple 
star y Andromede, the ring is excessively elongated ; and two stars are 
there also symmetrically placed, only this time it is at the extremity of 
the major axis of the ellipse. 

This regularity in the forms of a great number of nebula is doubtless 
apparent only. It partly disappears when they are examined with very 
powerful instruments; that is to say, when brought nearer to us they 
reveal the details of their structure. Then the large masses of light not 
being preponderant, the form loses its symmetry, as may be seen in the 
two drawings which represent the annular nebula in Lyra (fig. 152, 1, 2). 

Again, always bearing in.mind that the classification which we have 
adopted is an arbitrary one, we may rank among the regular nebulz those 
which affect the conical or parabolic form, similar to that of some comets. 
We give here (fig. 153) three examples of these nebule, the form of which 





Fig, 155.—Nebula in Canes Venatici. (Sir J. Herschel.) 


is anaiogous to some star-clusters; for example, the cluster numbered 6 in 
the frontispiece, which shows the same luminous concentration at the apex. 

Here, again, is a nebula (fig. 154), which by its widening form ap- 
proaches the cometary nebula, but which seems to suggest at the same 
time, by its singular outline, the first approach to a spiral nebula. 

In all the nebule: which we have examined, the regularity of form is 
manifested by a symmetry, such that each object is divided in two equal 
parts by its axis. But it is important to insist on the fact that this regula- 
rity often disappears when optical instruments of greater illuminating power 
show the different portions with more clearness. It is often surprising to 
see a nebula thus transformed to the eye in a most complete manner. In no 
example is change of form so decided as in the nebula in Canes Venatici. 

Let us look at the preceding figure. 
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We see, at the centre of a ring, double throughout half its contour, a 
bright, globular nebula, accompanied by a smaller nebulosity of round 
form, situated outside the ring and at some distance away. It was under 
this form that it was first seen and drawn by Sir J. Herschel. 


Fig. 156.—Spiral form of the nebula in Canes Venatici. (Lord Rosse.) 
Observed later by Lord Rosse, with the help of his magnificent tele- 


scope, the same nebula was presented under a form of wonderful strange- 
ness (fig. 156). Brilliant spirals, unequally luminous, and overstrewn 
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with a multitude of stars, diverge from the centre, and become separated 
one from the other more and more as they recede from it, at last being 
lost in a direction common to all. The exterior filaments of this pro- 
digious spiral of stars join the smaller exterior globular nebule which at 
first appeared isolated from the ring. 

Lastly, according to the most recent observations of M. Chacornac, 
this latter nebula itself affects the spiral form, its contours being connected 
with the spirals of the principal nebula. 





Fig. 157.—Spiral nebula in Virgo. (Lord Bosse.) 


The {magination remains confused in presence of such a grand spec- 
tacle. It loses itself in endeavouring to calculate the total dimensions of 
this immense system, by assuming a probable distance for the atoms of 
this star-cluster. We are startled at the depth of the abysses into which 
the human gaze plunges. What strarge forces have produced this hurri- 
cane of matter—perhaps of suns? Is the spiral the original form of 
those gaseous matters, the condensation of which may give, or has given, 
birth to each individual of this gigantic association ? 

These are questions which the mind puts to iteelf, the complete so- 
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lution of which will doubtless demand many centuries. Shall we ever be 
able to recognise in these groups variations of form, distinct from those 
due to the varying power of the various instruments and the difference of 
sight of observers ? In a word, shall we ever be able to prove the move- 
ments of the constituent parts of the nebule ? 

The spiraloid form is not confined to the nebula we have described. 
It is quite as clearly defined in the nebula in Virgo represented in fig. 157. 
The luminous branches of this spiral, four in number, are clearly sepa- 
rated by dark intervals, and divided besides by darker spirals, which 
indicate strings of matter less condensed. All diverge from a central nu- 
cleus, where a much more decided light indicates a powerful concentration. 

The number of nebule in which the spiraloid form is observed was 
at first rather small, but in proportion as the sky is explored by more 
powerful instruments the number has increased. In the important memoir 
published by Lord Rosse in 1861,* we have noted forty spiral nebulx, 
and thirty more in which this form is suspected. 





Fig. 158.—8piral nebula. (Lord Rosse.)}—1. Of the Lion. 2. Of Pegasus. 


In a nebula of the northern heavens, situated on the confines of the 
Great Bear and of Bodtes, the centre is like a large globular nebula with a 
very marked condensation, whence radiate branches arranged in the form 
of spirals. In several points of these branches other centres of condensation 
are noticed. Sir J. Herschel had classed this among the nebule of rounded 
globular form, doubtless because the central nebulosity was the only one 
revealed by his telescope. Some few stars are scattered here and there on 
the ground which it occupies. In the two nebule in fig. 158, which ate 
situated, the first in the Lion, the second in Pegasus, the spiraloid form is 
less decided. The spirals approach nearer to an elliptical form and are 
enveloped one in the other. 


* ¢On the Construction of Specnla of Six-feet Apertnre: and a Selection from 
the Observations of Nebule made with them.—Piil. Trans. 1862. 
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II. 
NEBULZ OF IRREGULAR FORM. 


Large Nebulous Masses affecting no Symmetrical Form— Diversity of Aspect with 
Instruments employed- Nebule in the Constellations of Andromeda, the Lion, 
Fox, Sobieski's Shield, and the Bull—Great Irregular Nebule of Orion and Argo. 


Aut the nebule we have just described are distinguished by a regularity 
and a symmetry of form which, joined to a condensation of the light, either 
in one central point or along converging curves, indicate some bond linking 
together all the constituent portions of each. It is impossible not to re- 
cognise in them so many systems, although as yet we are ignorant of their 
precise nature. And it is possible that a number amongst them are not 





yet decomposed into stars, owing to the immensity of their distance, or, 
what comes to the same thing, the insufficient power of our telescopes. 

Besides these regular aggregations, there are other large nebulous masses 
which affect the most various forms, completely removed from all symme- 
trical appearance. But such is the variety, such the richness of these 
systems, that we can pass from the nebule of spherical form to others, the 
most bizarre and irregular, by every imaginable gradation. 

Let us examine the glimmer of lengthened oval form represented in 
fig. 159. 

The condensation of light noticed at its centre makes it resemble, 
according to the expression of the first observer—Simon Marius, ‘the 
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tame of a candle secn through a leaf of transparent horn.’ It is the nebula 
of Andromeda, which we have already mentioned. Its symmetrical form, 
which caused it to be once classed among the regular nebule, has disappeared 
in the powerful refractor of Cambridge, U.S. (fig. 160). The nebulous 
masses which compose it have been found to be separated by two long 
canals, and it has be.n partly resolved into stars. Bond has counted more 
than 1500. The general primitive form is still recognised at the centre of 
the nebula, but it is singularly altered, and instead of one central point of 
Inminous condensation, several excentrically situated may be noticed. 





Fig. 160.—Nebula in Andromeda. (G. P. Bond.) 


Ancther nebula of elliptical form situated in the constellation Leo, and 
represented in the drawing (fig. 151, 7), as seen by Sir J. Herschel, has 
been observed in a different form (fig. 161) in Lord Rosse’s telescope : the 
central nucleus is composed of envelopes which.take an annular epiral form, 
and the extremities of the oval are marked by luminous strie placed on 
each side of the axis, like the vertebral column of a fish. 

Lastly, another remarkable example of these optical transformaticns, 
purely apparent, as they only depend on the power of the instruments, is 
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furnished by a nebula situated in the constellation Vulpecula. Sir J. 





Fig. 161.—Elliptical annular nebula of the Lion. (Sir J. Herschel ) 


Iferschel, to whom we owe the first drawing of this nebula (fig. 162), gave 
it the namem—the ‘ Dumb-bell.’ 
seittions masses, symmetrically placed and bound together by a 
rather short neck, the whole 
s‘trrounded with a light nebulous 
eivelope of oval form, gave it a 
very marked appearance of re- 
eularitv, This aspect was, how- 
ever, modified by Lord Rosse’s 
telescope of three-feet aperture. 
and the nebulous masses showed 
a «lecided tendency to resoly- 
ability. Later still, with - the 
six-feet telescope, numerous stars 
were observed standing out, how- 
ever, on a nebulous ground. The 
general aspect retains its primi- 
tive shape, less regular, but strik- 
ing nevertheless (fig. 163). 
The irregular nebulze ara 
sometimes presented under the 
most fantastic forms. Sometimes they affect lonz vaporous trains, which 







Fig. 162.—Dumb-bell nebula, (Sir J. Herschel.) 
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here and there send out their branches; sometimes these shapes are bizarre 
in the extreme. Such is the nebula in Sobieski’s Shield. An elliptical 
portion is terminated by two appendages. one of which is nearly rectilinear, 
and gives it the form of the Greek capital letter Omega (Q). In the middle 
of one of the angles (fig. 164) two luminous condensations are remarked, 
similar to the spherical or globular clusters. 

A form, still more singular, is that of the nebula in Taurus, which, view ed 





Fic. 163.—Dumb-lell neoila. (Tord Tose ) 


in instruments of slight illuminating power, appears like a regular oval. 
As seen in Lord Rosse’s large telescope, it resembles (fig. 165) a.gigantic 
lobster, the antennz and claws of which are figured by long strings of stars. 

In the centre of one of the two Magellanic Clouds, which we have 
already referred to as among the most beautiful objects of the southern sky 
(we shall describe them further on in some detail), is a nebula the complex 
form of which serves as a transitional point for us to pass to the large 
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itregular nebulae. It is the nebula of Doradus (Plate XXI). The central 
part is composed of three bright anuular masses; the two smallest are cir- 
cular; the largest, of the form of a pear, is surrounded with much paler 
appendages, studded with a great number of small stars. 

Imperczptibly we arrive at the large nebulse, the shapeless forms of which 
resemble clouds disturbed and torn by the tempest. But here, again, we 
find in the glimmers of these distant agglomerations indications of reso- 
lution into stars, [or into something, of which more anon. | 
~ Human language has no expression capable of rendering the sentiments; 
of admiration, of profound stupefaction, into which the thought is plunged, 
when, thanks to the marvellous power of our telescopes, our sight penetrates 
the distant strata of the sky, in which these unearthly objects shine. 

The largest nebulee of irregular form are found in the vicinity of the 
Milky Way, among the most brilliant constellations of the starry sky. 





Fig. 164.~—Nebula in Sobieski’s Shield. (Sir J. Herschel.) 


Let us give some details of the two most interesting. 

One, situated in Orion, surrounds the magnificent sextuple star 0, 
which we have described when speaking of the systems of multiple Suns. 
The other surrounds a star equally noteworthy, n Argas, so remarkable on 
account of its quick and capricious variations of brightness. The draw- 
ings, which we here give of these two great nebule (Plates XXI and 
XXII), according to two illustrious observers, Sir J. Herschel and G. P. 
Bond, relieve us of a description which would necessarily be vague and 
incomplete.* 


_ * It is almost impossible to reconcile the two drawings of Bond and Herschel, 
without admitting the supposition of a considerable change to which the most 


PLATE}XXI. 


NEBULA IN DORADUS AND SURROUNDING ETA ARGUS. 
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Since Huygens discovered the nebula of Orion in 1656, this magnifi- 
cent object has been observed with a constantly increasing care, and the 
different regions, more or less luminous, which compose it have been 
described in every detail. By degrees, the stars which overspread the 
expanse have been recognised as more numerous; and astronomers have 
arrived at the conviction that it is resolvabke. 

Sir J. Herschel compares the brightest portion to the head of a 
monstrous animal, the mouth of which is open, and the nose of which is in 





Fig. 165.—Nebula in Taurus (Crab nebula). (Lord Rosse.) 


the form of a trunk. Hence its name, the ‘Fish-mouth Nebula.’ It is at 
the edge of the opening, in a space free from nebule, that the four brightest 
of the components of @ are to be found; around, but principally above, the 
trapezium formed by these four stars is a luminous region with a mottled 
appearance, which Lord Rosse and Bond have partly resolved. 

luminous 1egion has been subjected during the interval elapsed between the epochs 


- ae two observers.’— Liapounov, ‘ Observations of the Great Nebula of Orion, made 
at Cazan.’ 
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- This region is remarkable on account not only of the brilliancy of its 
light, but also of the numerous centres where this light is condensed, and 
each of which appears to form a stellar cluster. The rectangular form of | 
the whole is also worthy of attention. The nebulous masses surrounding 
it, the light of which is much fainter than that of the central region, are 
lost gradually ; according to Bond, they assume a spiral form, as indicated 
in, the drawing executed by that astronomer. 

[It has now been placed beyond all doubt that the changes of form 
have taken place in the course of our most modern observations. |* 

According to Sir J. Herschel, the great nebula of Orion occupies a 
Bpace on the sky the apparent dimensions of which have the same extent 
as the lunar disk. He seems to believe that it is attached to the Milky 
Way—that it is perhaps the prolongation of the branch which leaves the 
main trunk in Perseus, and extends itself towards the Pleiades and 
Aldebaran. 

[This, however, is now no longer probable. | 

The nebulosity which surrounds 7 Argis (Plate X XI), like that of 
Orion, does not present any symmetry in its form or in its outlines. It is 
situated in the Milky Way, in the midst of a region so rich in stars, that 
more than 1200 have heen counted in the area occupied by the nebula. 
The stars, however, do not seem to form part of the nebulosity, but rather 
appear to be simply projected on it. 

Towards the centre of the nebula, and close to the star , an opening 
of a lengthened and rounded form is noticed, which leaves in view the dark 
ground of the sky. [This has been named by Mr. Abbott, a careful ob- 
server, ‘ the Crooked Billet.’ 

The evidences of change in this nebula are even more decided than in 
that of Orion. This object indeed may supply a link of the greatest im- 
portanee, for we read that the objects of which it is composed (not stars) 

‘are now of a larger character, and more refulgent, than nebulous matter 
in general.’ | + 


* ‘The observations as to the distribution and brightness of the nebulous matter 
do not imply any change of form, but many fluctuations in the brightness of the 
different parts. The general impression which I have received from these observa- 
tions is, that the central part of the nebula is found in a state of continual agitation, 
like the surface of the sea.’—O. Struve, Observations at Poulkowa, ‘ Memoirs of the 
Academy of Sciences of St. Petersburg, 1862.’ 

__ [Since this was written, M. Otto Struve, Father Secchi, and many observers in 
this oe have completely established the fact that a change of form has taken 
place 

e + caer Abbott, in ‘ Monthiy Notices of the Royal Ast:onomical Society,’ April 
1853, p. 193.] 
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III. 


PLANETARY NEBULA! AND NEBULOUS STARS. 
Planetary Nebule— Variation of Aspect — Nebulous Stars. 


Tue name of Planetary Nebulce has been given to those the form of which 
is that of a disk uniformly luminous, an appearance which causes them to 
resemble a spherical body slightly illuminated by borrowed light,—in a 
word, a planet. In fig. 166 are represented a few of these nebule of circular 
form. 

That which distinguishes these nebulx from those we have previously 
described is the equality of their light and the absence of all luminous con- 
densation at the centre. 

It is only on the very borders of the nebulous disk that a slight 
diminution in the intensity of the light can be perceived. It cannot be 
held that they are extremely distant clusters of stars of spherical or 
ellipsoidal form, since, as we have seen, even on the supposition of an equal 
distribution in space of the components of the group, perspective alone 


Fig. 166.—Planetary nebulx. (Sir J. Herschel ) 
- In Ursa Major. 2. In Pisces. 8. In Andromeda. 


would give an apparent condensation towards the centre. Again, are any 
of them by any possibility veritable clusters of flattened form presented to 
us with their circular surfaces perpendicular to our line of sight? Or, as 
remarked by Sir J. Herschel, are the stars of these nebulz in the form of a 
hollow spherical shell ? 

[These questions, so long asked, are, as we shall see, now partially 
answered. | 

The planetary nebula in Ursa Major, the light of which is uniformly 
distributed in Sir J. Herschel’s drawing (fig. 166), has been seen under 
quite another aspect through the large telescope of Lord Rosse. The 
disk is changed into a double luminous crown, surrounded with a fringed 

AA 
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border, two poinis appearing at the centre of the nebulosity which have 
every aspect of stars (fig. 167). 
Another example of these changes is furnished us by the planetary 





Fig. 167.—Planetary Nebulw. (Lord Rosse.)—1l. lu Ursa Major. 2. In Andromoda. 


nebula near «x Andromeds, which, perfectly round in the drawing of 
Herschel (fig. 166, 2), appears under the form of a luminous ring in that 
of Lord Rosse”(fig. 163). 





Fig. 168.—Nebulous stars. (Sir J. Herschel.) 
1. In Cygnus. 2. In Perseus. 3. Inthe Centaur. 4. In Sagittarius. 5. In Auriga. 
6. In Andromeda. 


Let us finish our list, so marvellously rich in various forms of nebule, 
by mentioning those which have received the name of ‘ nebulous stars.’ 
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These are no other than nebule, sometimes circular, sometimes oval, 
sometimes annular, but always rezular; in the interior of which appear 
one or several stars standing out distinctly from the nebulosity, and 
being moreover symmetrically placed. 

If the nebula be circular, the star 
occupies the centre; in the case of an 
elliptical form, two stars are scen placed 
as if they were the two foci of the 
curve. One is figured in fiz. 168, 5, 
where three stars are regularly dis- 
posed at the angles of an equilateral 
triangle, whilst another very clonga- 
ted nebula has two stars, placed out- 
side the extremities of the greatest 
diameter. Here, as in the planetary 
nebule, very powerful telescopes enable 
us to see, instead of a disk feebly but 
equally illuminated, forms which are 
much more irregular, and in which the aa 
light is distributed in a much more Fis: 10) —Nebulons stats, (eo ome 
unequal manner. 

Such are the nebulw represented in fig. 169, taken from the original 
drawings of Lord Rosse. It has also been asked if we may not see, in these 
nebulous stars, suns enveloped with an atmosphere of considerable dimen- 
sions, rendered visible at these enormous distances by the light of the 
stellar foci. This opinion is certainly not deprived of probability, 
although again we may consider nebulous stars as clusters of a multitude 
of very small ones, having at their centre a sun, single, double, or even 
multiple, of which the great brilliancy suffices to explain its particular 
visibility. 

Sir J. Herschel describes a planetary nebula, the light of which is 
about equal to that of a star of the sixth or seventh magnitude, its dia- 
meter about 12”, its disk slightly elliptical, with a sharp, clear, and well- 
defined outline, ‘having exactly the appearance of a planet, with the 
exception only of its colour, which is a fine and full blue verging somewhat 
on the green.* ‘The same astronomer describes three other nebula, the 
colour of which is a clear sky-blue. 

As these latter nebuls are all planetary nebule, if the hypothesis of a 
diffused matter be admitted, it must be supposed that its light possesses 
a particular colour. 





* * Outlines of Astronomy,’ Stu Edition, p. 645. 
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IV. 
DOUBLE AND MULTIPLE NEBUL&. 


Groups of Nebule—Probability of a Physical Connexion between the Components 
—Multiple Nebule in the Larger Magellanic Cloud. 


have noticed nebule accompanied by systems of double or multiple 
stars, placed in a manner so symmetrical in the midst of the nebulosity that 
it is impossible to doubt the existence of a real connexion between the stars 
and the nebule. Evidently these are physical groups of a special constitution. 
There exist also groups of nebulx analogous to groups of stars, that 
is to say, the components are physically, and not merely optically, con- 
nected. We again find in these interesting associations the same varieties 
of asrectand form agin. the simple nebula. 





Fig. 170.—Double and multiple nebulw, (Sir J. Herschel.)—1 and 4. In Virgo. 2and 5. In 
Coma Berenices. 8. In Aquarius. 6, In the Nubecula Major (Great Cloud of Magellan). 


Some appear formed of two globular clusters, in which the centra! 
condensation indicates not only a spherical figure, but probably also the 
existence of real centres of attraction; examples of this are seen in fig. 170 
Sometimes the components appear entirely separate and distinct, some- 
times they encroach one on the other; but whether these appearances art 
optical only, or whether there be a real physical connexion, we know not. 

Sometimes, again, one of the components is round or globular, whils 
the other takes an elongated elliptical form. The nebula represented it 
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fig. 171 is composed of two rounded masses, terminated by brilliant appen- 
dages, enveloped by a nebulosity 
common to both, the whole sur- 
rounded by light luminous arcs 
similar to fragments of a nebulou 
ring. 

The number of the nebulous 
centres is often very considerable. 
Sometimes it is as high as seven, 
as in the multiple nebula observed 
by Sir J. Herschel, of which we 
reproduce a curious specimen (fig. 
170, 6). The group in question 
is one of the numerous clusters ge 
which form the largest of the two Clouds of Magellan. We may gather 
from this circumstance that the connexion of these seven nebule is purely 
optical, if the general nebulosity which envelopes them all does not indicate 
a physical union. 

For the rest, the connexion of the components in the multiple nebule 
will not, doubtless, be demonstrated in the same manner as we have seen 
that of the systems of the double stars. In these latter systems, the 
movements of revolution of one of the suns round the other can be studied, 
because their distance, however stupendous, renders this movement observ- 
able in a limited number of years. 

On the other hand, the multiple nebule are supposed to be banished 
to such infinite depths in the abysses of the heavens, that any movement 
would remain imperceptible. Thousands of years—thopsands of cén- 
turies, perhaps—would be necessary for us to become sure of any change 
in the position of the whole. Our telescopes will in vain increase their 
power, and the sight become more penetrating. We cannot anticipate 
time. Compared to the life of the worlds, our life is but a second, as our 
entire system is but a point in the expanse of the infinite. 





Fig. 171.—Double nebula. (Lod Rosse.) 


V. 


MAGELLANIC CLOUDS. 


Position of the Two Magellanic Clouds in the Southern Sky—Structure of the 
Little and of the Great Cloud — Star-Clusters ; Isolated Stars and Nebule which 
they contain. 

WHEN we look on the region of the celestial vault which surrounds the 

South Pole, we cannot help being struck with the contrast presented by 

the small quantity of stars which it contains, with the brilliant zone which 
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borders on the Milky Way, from Orion and Arzo, to the Centaur, passing 
by the Southern Cross. One solitary star of the first magnitude, Achernar, 





Fig. 172.—Magellanic Clouds. The Small Cloud. 


dus; the other, the smaller and less brilliant, 





Fig. 173.—Mayellunic Clouds. The Great Cloud. 


more distant from the Pole 
than are the beautiful stars 
of the Centaur and of the 
Cross, shines in this part of 
the sky. 

But even this circum- 
stance renders the singular 
aspect of the two nebulous 
spots, which seem two de- 
tached pieces of the great 
Galactic Zone, still more 
striking. These half-stel- 
lar, half-nebulous systems, 
unequal in magnitude and 
brightness, but easily seen 
with the naked eye in a 
clear moonless night, are 
situated, one, the larger 
and more brilliant, between 
the Pole and Canopus, in 
the constellation of Dora- 
ordinarily invisible during 
the full moon, in Hydrus, 
between Achernar and the 
Pole. 

Both are known by 
astronomers and naviga- 
tors under the name of 
‘Cape Clouds,’ or, again, 
‘Magellanic Clouds.’ And 
to distinguish them, we 
have again the Great Cloud 
(Nubecula Major) and the 
Small Cloud (Nubecula 
Minor). In figs.172 and 
173 {the general form of 
these two nebule is repre- 
sented. 

The Clouds of Magellan 
are distinguished from all 
other nebulae which we 
have as yet described by 
their great apparent di- 


mensions, and by their physical structure ; this last character distinguishes 
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them from most of the branches and offshoots of the Milky Way, with 
which, we may also add, they do not appear connected in any way. 

The Great Cloud extends over a space which embraces not less than 
forty-two square degrees—about two hundred times the apparent surface 
of the lunar disk. ‘The Small Cloud occupies an extent four times less 
than the other; according to Humboldt, it is surrounded ‘ with a kind 
of desert,’ where, it is true, shines the magnificent stellar cluster of Tou- 
can, of which mention has been before made. If the exterior aspect of 
these two remarkable nebula and their situation in a celestial region poor 
in stars give to the southern sky a peculiar appearance, their real struc- 





Fig. 174.—Clouds of Magellan. A portion of the Great Cloud. (Sir J. Herschel.) 


ture makes them one of the wonders of the heavens. Examined by the 
aid of a powerful telescope by Sir J. Herschel, during his stay at the Cape 
of Good Hope, they were both decomposed in a manner of which fig. 174, 
which represents a portion of the Great Cloud, gives an idea. 

We have first a great number of single stars, the brightness of which 
varies betwecen the fifth and eleventh magnitudes ; then star-clusters, some 
of irregular form, others—and the Jargest number—taking a globular, 
spherical, or oval shape; lastly, nebulse, some separate, others grouped in 
two, three, &c., most of them rounded and regular. Some of them, known 
under the name of Nebula of Doradus, already described and represented 
in Plate XXI, are situated in the Great Cloud. ‘This nebula,’ says 


360 THE SIDEREAL SYSTEM, 


Humboldt, ‘scarcely occupies the ~4,th part of the area of the Cloud ; 
and Sir’ J. Herschel has already measured in this space the position of 
105 stars, of the fourteenth, fifteenth, and sixteenth magnitudes, standing 
out on a nebulous background of unbroken and uniform brilliancy, which 
has resisted the most powerful telescopes.’ 

The double and multiple nebule are also much more numerous here 
than in the other zones of the heavens, richest in objects of this nature. 

Thus, we repeat, the constitution of these irregular nebule appears 
quite different from that of the Milky Way, from which we may also add 
they are some distance removed. They are distinguished also from other 
known nebule, and seem like miniatures of the entire heavens. 

A word now on the structure of each of the two Clouds. In the 
Great Cloud, Herschel has counted 582 single stars, amongst which one 
only is of the fifth magnitude; six others are of the order immediately 
inferior, and would doubtless be visible to the naked eye if their light were 
not effaced by the general glare. Then come 21 nebule and 46 star- 
clusters, forming so many distinct groups. 

In the Small Cloud, the single stars are proportionally more numerous, 
since 200 have been counted, amongst which three are of the sixth mag- 
nitude, whilst it only includes thirty-seven nebule and seven star-clusters. 
These immense aggregations, the elements of which are themselves swarms 
of suns, remind us of the largest, in appearance at least, of all the clusters 
which the eye contemplates in the depths of the sky—the Milky Way. 


VI. 


PHYSICAL CONSTITUTION OF NEBULZ. 


Aux the nebule, scattered throughout the depths of the sky, were but 
lately considered to be so many agglomerations of stars, differing only 
from star-clusters by their general form, and the grouping of the com- 
ponents. But it has often been thought that, among these celestial clouds, 
there were some, at all eyents, composed of diffused vaporous matter, or at 
least formed by the accumulation of bright corpuscules, of great relative 
tenuity, and as such, possessing no analogy with the other celestial bodies 
—with suns. 

The hypothesis of a nebulous matter, endowed with its own light and 
scattered in immerse masses over the expanse of the infinite, was proposed 
originally by astronomers whose instruments were unable to resolve these 
cosmical clouds. The large nebulee especially, like that which surrounds 
the star 0 Orionis, of ‘rregular form, lent great probability to this hypothesis. 
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But the resolution of the globular nebule, one by one, at length resulted 
in the idea of a real nebulosity being confined to the irregular nebule. 

But later still, modern observations, made with instruments of great 
power, by degrees showed an apparent identity of composition with the 
stellar clusters in a great number of these last nebule. Thousands of little 
stars appeared, where before a phosphorescent milky glimmer, according to 
the expression of astronomers, of an indefinable and characteristic aspect, 
was noticed. The nebule in Andromeda and Orion, in which observers 
had remarked no suspicion of stars or stellar sparkling, indicative of pro- 
bable resolution, have recently been stated to be resolved, at least in part ; 
and, as a consequence, the hypothesis of a diffused, nebulous matter lost 
ground in proportion as our means of observation were increased. But 
still it was asked, Must it be quite abandoned? ‘The existence of matter 
of this kind is not incompatible with what is known of the physical 
constitution of the celestial bodies. Comets, with their vaporous nuclei, 
which show various degrees of condensation, their envelopes, and tails, so 
diffused that stars are perceived through them, and their small masses, show 
that this existence is possible and real. The agglomeration, of whatever 
nature it be, which produces the zodiacal light, also supports the hypothesis 
of nebulous matter. 

Not long ago, however, in addition to the analogies in colour, distri- 
bution, and, above all, in physical connexion, which the nebule present 
with stars, both single and united in couples, a new analogy was discovered. 
We refer to the variability of their light, which, paradoxical as it may seem, 
seemed to render any analogy between them, as far as their physical con- 
stitution was concerned, impossible. Of two nebule, both situated in the 
constellation Taurus, the first, near a star of the tenth magnitude of vari- 
able brightness, presented variations which appeared to correspond with 
those of the stars,* and has since finally disappeared. ‘The second nebula, 
situated near C, after having gradually increased in brightness during more 
than three months,f also disappeared. 

Some analogous phenomena had been already recorded by Sir W. Her- 
schel. ‘Two stars, surrounded with circular nebule in 1774, presented 
no traces of these envelopes in 1811. Arago has described another fact, 
bearing on the same kind of transformation: ‘ Lacaille,’ he remarks, in 
a note to his Biography of Sir W. Herschel, ‘during his stay at the 
Cape, saw in Argo five small stars in the middle of a nebula, of which 
Mr. Dunlop, with ::nch better instruments, could not see the slightest 
trace in 1828.’ 

Lastly, as we have before seen, it is impossible to reconcile the obser- 
vations and the dis.vings of the nebula of Orion, made by many contem- 

* D’Arrest, Hind, Chacornac. 
+ Observed by M. Chacornac. The disappearance was not decidedly proved for 
more than six years afterthe maximum of brilliancy. It would be interesting to 


know whether a gradual decrease succeeded the phases of increase, or whether the 
disappearance was sudden. 
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porary astronomers without being obliged to admit that it has undergone 
real changes in brightness and in the outlines of its different regions. 

The variability, the disappearance even, of a star, is explained by the 
aid of more or less satisfactory hypotheses. This, however, is not the case 
with a nebula, if we admit that it is composed of distinct stars. 

[ Was then the hypothesis of a nebulous matter correct after all, seeing 
that variations of brightness, progressive or even sudden extinction of light, 
might be comprehensible in masses of this kind ? 

This question, thanks again to spectrum-analysis, we can now answer 
in a decided affirmative. 

On August 29, 1864, Mr. Huggins, whose observations* on stellar 
spectra we have before referred to, directed his telescope, armed with the 
spectrum apparatus, ‘to the planetary nebula in Draco. At first he sus- 
pected that some derangement of the instrument had taken place, for no 
spectrum was seen, but only a short line of light perpendicular to the 
direction of dispersion. He found that the light of this nebula, unlike 
any other ex-terrestrial light which had yet been subjected to prismatic 
analysis, was not composed of light of different refrangibilities, as we saw 
that of the Sun and stars to be, and it therefore could not form a spectrum. 
A great part of the light from this nebula is monochromatic, and was 
scen in the spectroscope as a brignt line. A more careful examination 
showed another line, narrower and much fainter, a little more refrangible 
than the brightest line, and separated from it by a dark interval. Beyond 
this again, at about three times the distance of the second line, a third ex- 
ceedingly faint line was seen. 

The strongest line coincides in position with the brightest of the air 
lines. This line is due to nitrogen, and occurs in the solar spectrum about 
midway between b and F. The faintest of the lines of the nebula co- 
incides with the line of hydrogen corresponding to the line F in the solar 
spectrum. The other bright line was a little less refrangible than the 
strong line of barium. 

Here, then, we have three little lines, for ever disposing of the notion 
that nebuls may be clusters of stars. How trumpet-tongued does such a 
fact speak of the resources of modern science! 

An object-glass collects a beam of light which for ever, without such 
aid, would have bathed the’ Earth invisibly to mortal eye; the beam is 
passed through a prism, and in a moment we know that we have no 
longer to do with glowing Suns enveloped in atmospheres enforcing tribute 
from the rays which pass through them, but with something deprived of 
an atmosphere, and that something a glowing mass of gas. 

Mr. Huggins has not been idle since his discovery, and has observed a 
large number of nebuls with the most interesting results. 

Not only must we discard the notion—a very pardonable one when we 
consider how it came to be held—that the glorious cluster in Perseus, or 

* [Philosophical Transactions, 1804. Part II. p. 437.) 
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that somewhat more typical one in Hercules, may be taken as an exemplar 
of all our nebule, could we bring sufficient optical power to bear upon 
them: but the conclusion is obvious, that the detection in. a nebula of 
minute, closely associated points of light, which have hitherto been con- 
sidered as a certain indication of a stellar constitution, can no longer be 
accepted as a proof that the object consists of true stars. These luminous 
points, in some nebule at least, must be regarded as themselves gaseous 
bodies ; denser portions, probably, of the great nebulous mass, since they 
exhibit a constitution identical with the fainter and outlying parts which 
have not been resolved. 'The nebula are thus shown by the prism to be 
enormous gaseous systems, and it appears probable that their apparent 
permanence of general form is maintained by the continual motions of the 
denser portions which the telescope reveals as lucid points. 

More than this, the proper motion of nebulm has not yet been inquired 
into, because everybody, looking upon them as irresolvable star-clusters, 
thought them infinitely remote. Now, however, that we know that they 
are not clusters of stars, properly so called, it is possible that they may be 
much nearer to us than we imagine. 

The conclusions to which Mr. Huggins has been led, by his observa- 
tions are, curiously enough, the very opposite to those which speculation 
would have predicted. Speculation would have looked upon nebulew as 
sun-germs—as composed of the very matter of which Faye has so recently 
stated the interior of our own Sun to be still composed. The faint 
glimmer of one of those eloquent lines here, three there, four elsewhere, a 
faint, continuous spectrum with bright lines in one place, and a well- 
defined continuous spectrum in another, would, taking the relative insigni- 
ficant optical means employed into consideration, have been held to bridge 
over the gap between star and nebula as successfully as we have now 
bridged over that which once separated sun and star. | 


BOOK THE THIRD. 
STRUCTURE OF THE HEAVENS. 


OUR OWN UNIVERSE—THE MILKY WAY. 


Neal Form ofthe Stellar Stratum which composes the Milky Way— Position of the 
Sun in the interior of this Stratum— General Idea ofits Dimensions. 


As we have before stated, the Milky Way extends across the heavens, 
following nearly the circumference of a great circle of the starry sphere, 
the irregularities of its form, and the inequalities of its breadth in different 
portions, not being taken into account. It divides the celestial vault into 
two portions, not quite of the same extent, the smaller of the two being 
that which contains the constellations of Pisces, Cetus, in short, those near 
the vernal equinoxial point. It follows, therefore, that the Milky Way 
includes the region occupied by our Sun. But what is the true form of 
this prodigious assemblage of stars, which, according to Sir W. Herschel’s 
estimate, deduced from a considerable number of ‘ gauges’ of the heavens, 
contains certainly not less than 18,000,000 stars? The small breadth of 
the zone, compared with its other dimensions, suggests that it is formed of 
a stratum of suns, distributed irregularly and comprised between two 
nearly parallel planes, which give the whole the figure of a flattened mill- 
stone, the rim of which is split into two portions throughout one half of 
its circumference. 

[Let it be noted, however, before this conclusion is admitted, that it 
depends on the assumption that there is a general uniformity in the dis- 
tribution of stars (and also, to a certain extent, in their magnitude) 
throughout the sidereal system. If the possibility be once admitted, that 
multitudes of the stars forming the Galaxy are minute compared with our 
Sun, or Arcturus, or Sirius, then no such conclusion as the above can be 
accepted until it has been demonstrated. It is a question of evidence. 
—R.A.P.] 

In the midst of this gigantic collection of stars, lost in this vortex of 
worlds, our little Solar System lies. The dimensions of the centre of this 
system—the Sun, which appeared to us at first so great, but which a 
second look at the stellar universe showed to be those of a star of the 
second or third order—are now found to represent but an atom of the 
luminous sand of the Milky Way. 

The position of the Sun in this zone was held by Herschel, at the 
beginning of his labours, to explain the general aspect of the whole firma- 
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ment, and to show, besides, that all the stars so universally and singularly 
distributed, and apparently so distant from those portions of the Milky 
Way itself which give rise to the appearance, probably form a part of it. 
Herschel reasoned, that when from the point where we are situated we 
look in the direction of the length of the stellar stratum, we meet with, so 
to speak, indefinite ‘ files’ of stars and clusters of stars, which give to the 
Milky Way its maximum density and brightness. If, on the contrary, the 
sight be allowed to travel in directions more and more inclined, the visual 
ray traverses strata continually decreasing in thickness, and the density 
should decrease with great rapidity. Lastly, in the direction perpendicular 
to the thickness of the stratum the stars should appear dispersed, as they 
really do in those parts of the heavens apparently most distant from the 
great nebulous zone. ‘Just as we see,’ says Sir J. Herschel. in his 





Fir. 175.—Section of the Milky Way; position of the Sun in it. 


‘ Outlines of Astronomy,’ ‘a slight haze in the atmosphere thickening into 
a decided fog-bank near the horizon .\by the rapid increase of the mero 
length of the visual ray.’ 

Figure 175, which represents, according to this earlier hypothesis of 
Herschel’s, the Milky Way, in a section perpendicular to its thickness, 
and along its greatest diameter, which passes through the Sun, renders the 
explanation we have given easy. 

With the help of this conception, we may again refer to the rapid 
decrease in the number of stars in those regions which, on both sides of the 
Milky Way, extend as far as the two poles of the great circle which the 
Galaxy traces on the face of the heavens. 

The poles of the Milky Way are situated, the north pole near Coma 
Berenices, the south pole in the constellation of Cetus. When, from one 
or other of these points, we advance progressively towards the Milky Way, 
the mean number of the stars increases ; at first very slowly, then, in the 
vicinity of the galactic plane, with very great rapidity, so that it is about 
thirty times greater in this plane than in the galactic polar regions. 

[Later, Sir W. Herschel abandoned this theory, and adopted indeed 
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a different system of gauging the heavens.—R. A. P.] - Comparing the 
photometric brightness of the stars of the different orders of magnitude 
with the order of probable distances, Sir W. Herschel arrived at the most 
astonishing conclusions on the dimeusions of the Milky Way. 

The stars visible to the eye comprise, it is known, the first six orders 
of magnitude. The illustrious astronomer of Slough established that, in 
the mean [making certain assumptions as to the average dimensions of the 
fixed stats], those of the sixth order—that is to say, the smallest stars 
visible to the naked eye—are twelve times more distant than the stars of 
the first magnitude. Starting thence, and calculating the space-penetrating 
power of his telescopes, he arrived at this inference, that he could observe 
in the depths of the heavens stars situated at a distance 2300 times greater 
than the mean distance of the stars of the first magnitude. And Herschel 
recognised, moreover, that the visible extent of the Milky Way, in some 
regions, increased with the power of the instrument brought to bear upon 
it, and that even his large 40-feet telescope could not reach the limits of 
this star-zone, which he therefore declared unfathomable. 

Now, when we recall the stupendous distance between the nearest star 
to our world—such a distance, that light takes years to traverse it—we 
shall recognise this wonderful fact, namely, that the Milky Way, in the 
direction of the most distant regions accessible to our view, can only be 
completely traversed by a light-ray in a period of time upwards of ten 
thousand years. Thus, when applying the eye to the eye-piece of the 
largest astronomical instruments, we observe, on the not quite dark back- 
ground of the sky, feeble luminous points, we receive on our retina the 
impression of an undulatory movement, which was set in motion ten 
thousand years ago, by the incandescent mass of suns like ours, which, 
form, a8 he does, part of the same sidereal group. 

Calculating the thickness of the Milky Way from its apparent breadth, 
Herschel arrives at the result, that its thickness is about eighty times 
greater than the distance of the stars of the first magnitude. According 
to this view the stellar stratum greatly surpasses in this direction even 
the space-penetrating power of the human eye. Whence it follows, that, 
as we have before stated, ‘ Not only our Sun, but all the stars that we 
can see with the naked eye, are deeply plunged in the Milky Way, and 
form an integral portion of it.’* 

{Herschel perceived, however, towards the close of his career as an 
observer, that the greater richness of certain gauges may be due to a 
greater real richness of stellar aggregation, instead, as he had assumed so 
far, of a great extension of the Galaxy. There is no direct evidence in 
favour of the fundamental hypothesis (admittedly an hypothesis) on which 
Herschel pursued his first plan of star-gauging. On the contrary, there 
are very numerous and -very weighty arguments against it. These 
arguments depend chiefly on numerical statistics, not known to Sir 

* Struve, ‘ Etudes d'Astronomie stellaire.’ 
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W. Herschel, nor until long after his first system of star-gauging had 
been completed. His second system was begun too near the close of his 
career as an observer to be fully tested.—R. A. P.] 

{In the latest edition of the Encyclopedia Britannica, Mr. Proctor 
makes the following remarks on the present position of sidereal astro- 
nomy :—‘The results towards which Herschel’s later views seemed tending 
were not definitely indicated or adopted by him, probably because he had 
already attained an extreme old age when he first enunciated his later and 
juster views of the sidereal universe. Sir J. Herschel does not appear 
to have recognised his father’s change of views, though conscious of serious 
difficulties in the older theory, and even definitely indicating the fact that 
the constitution of the Nubecule cannot possibly be reconciled with that 
theory. The elder Struve, probably the only astronomer of his time who 
had thoroughly studied Sir W. Herschel’s remarkable papers, recognised 
clearly the change in Herschel’s opinions. Following a suggestion thrown 
out by Piazzi, Struve compared the number of stars down to the eighth 
magnitude in different directions round the equator, and justly regarded 
the greater richness of such stars on and near the Galaxy as a disproof of 
Herschel’s earlier theory of generally uniform distribution. Strangely 
enough, however, while thus recognising a variation in the richness of stellar 
distribution in one direction—7. ¢. in approaching the medial plane of the 
Galaxy—Struve was unable to divest himself of a belief in uniformity of 
distribution in directions parallel to that plane. In an investigation claiming 
to be free from all hypothesis, but in reality (as Encke, Forbes, Proctor, 
and others have shown) based on several hypotheses, some of which are 
not even probable, Struve advanced the theory that the sidereal system is 
infinite in extension along the direction of the medial plane of the Galaxy. 

‘But in reality the evidence we possess indicates laws of stellar aggre- 
gation which, by their very nature, preclude the possibility of applying 
such modes of gauging as either Sir W.. Herschel or W. Struve endeavoured 
to use. The gathering of stars of the leading orders of apparent magni- 
tude in the galactic zone shows that stars of many orders of read size and 
brightness are there gathered together. The analysis of a rich star-region 
with higher and higher powers is shown to be, not necessarily, a3 was 
supposed, penetrating farther and farther into: space, but the more and 
more searching scrutiny of one and the same region and space. The two 
processes, indeed, may be combined, an increase of telescopic power bringing 
into view at the same time smaller stars in a particular region and remoter 
stars lying towards the same direction. In fact, it would be as great a 
mistake to assume, without definite evidence, that new stars so revealed 
are smaller in real magnitude, as to assume that they are more remote. 
The only kind of evidence available to discriminate between the two ex- 
planations, or to show to what extent either may operate, is that derived 
from statistical enumeration; but so complex are the relations involved, 
that such enumeration can only be interpreted when graphically illustrated. 
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In other words, the secrets of the stellar universe can only be revealed by 
presenting in well-devised maps the results of widely extended scrutiny of 
the star-depths. This process has already been applied by the present 
writer to stars down to the eleventh order of magnitude (in the northern 
heavens), the resulting view of the stellar universe differing widely from 
that which would have been presented if any of the theories heretofore 
advanced had been just. It is probable that an extension of the system of 
uniform star-gauging and charting to the remoter star-depths will still 
further illustrate the complexity and diversity of structure existing within 
the universe. Already these general conclusions may be regarded as 
- established :—‘‘ The sidereal system is altogether more complicated and 
more varied in structure than has hitherto been supposed: in the same 
region of the stellar depths coexist stars of many orders of real magnitude; 
all the nebulw, gaseous or stellar, planetary, ring-formed, elliptical, and 
spiral, exist within the limits of the sidereal system; and lastly, the 
whole system is alive with movements, the laws of which may one day 
be recognised, though at present they are too complex to be understood.”’ 
—R. A. P.] 

Here ends the purely descriptive part of our task, the object of which 
has been to give a picture of the phenomena of the Heavens according to 
actual astronomical knowledge. We may be mistaken, but we hope that 
more than one reader will wish to penetrate deeper still, and will not be 
sorry to comprehend, as much as it is possible without previous scientific 
preparation, the laws which regulate celestial movements, and explain the 
most complex phenomena. ‘These laws are at once simple and sublime, 
and are an eternal honour to their discoverers, and a monument of the 
power of the human mind. 
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PART THE THIRD. 


THE LAWS OF ASTRONOMY. 


METHODS AND INSTRUMENTS EMPLOYED BY 
ASTRONOMERS. 


BOOK THE FIRST. 
THE LAWS OF ASTRONOMY. 


THe marvellous panorama presented by the visible Universe has now 
passed before our eyes; the Solar System, each component of which we 
have explored, has shown us in detail what kind of bodies are those suns 
with which infinite space is strewn; and what may be the conditions of 
those other bodies, not self-luminous, which circulate round them; what 
their motions, dimensions, and physical constitution. ‘The sidereal world 
has in turn revealed to us its magnificence, in its groupings and gigantic 
assemblages of suns, and we have been enabled to form an idea of the 
structure and unutterable dimensions of the Universe, or rather of that 
part of it rendered accessible by the telescope. 

Were we to stop here, therefore, the object we had in view in this 
description of the physical constitution of the Heavens would have been 
accomplished as far as the limits of this volume would permit. The 
results of modern investigations have been passed under review, and we 
have dwelt upon them sufficiently to indicate the interest and importance 
which attach to them. 

And yet, hitherto, we have left in the background, or trenched on but 
lightly, that part of the subject which makes Astronomy, regarded from 
an intellectual point of view, the most exact, the most admirable, the most 
sublime of all the natural sciences. We refer to the laws of the motions 
of the celestial bodies, and to the formule, so simple in appearance to us, 
which have demanded so much mental labour, time, and genius for their 
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discovery,——precious conquests of the mind, which have enabled man to 
penetrate even into the very heart of celestial phenomena; to discover 
their causes and relationships, and permit us now-a-days to predict the 
return of the phenomena and to calculate the variations with incomparable 
precision. 

Thanks to these laws, the motions of the celestial bodies, their dis- 
tances, dimensions, and even weights, have been traced, calculated, and 
valned. The relative positions of the bodies of the Solar System— 
planets and satellites, and even comets—positions so extremely variable, 
influenced by so many causes, can be assigned long beforehand, and thus 
furnish to the other sciences, and even to practical men,—our sailors, to 
wit,—most important data. 

It is not in a popular treatise on the physical phenomena of the 
Heavens, such as the present, that an account of these laws, rigorous in its 
treatment, will be expected; to give this, it would be necessary to call to 
our aid the mathematical sciences, the language of which, though so clear 
to those who have made it their special study, is, nevertheless, purely 
enigmatical to the uninitiated. 

But it must not be imagined from this remark, that it is impossible 
for our readers to gain an idea of these laws, or that they are confined in 
a sanctuary where the vulgar can enter not. ‘T'o those whom a rigorous 
mathematical demonstration would avail nothing, a clear and well-defined 
exposition, and apt, if even familiar, comparisons, are often sufficient to 
enable the mind to see the law and the drift of the method. And for such 
who love to render reason, and to take nothing upon trust, this present 
Third Part is written. 

The laws of planetary motion, as announced by Kepler, and of gravity 
discovered by Galileo, and extended by Newton to the heavens; the 
secondary phenomena which result from these fundamental laws, such 
as planetary perturbations and the tides; the magnificent hypothesis, by 
means of which Laplace has explained the origin and formation of our 
system, will occupy the First Book. These will be followed by an account 
of the methods which have been employed by our philosophers to measure 
the distances of the Moon, Sun, and Stars; and we hope our account will 
enable those who still suspect the possibility of such measures to be 
convinced of the solidity of the methods employed. Lastly, we shall 
bring the volume to a close by a description of the principal instruments 
employed by astronomers, and of one of those edifices, held by some to be 
shrouded in mystery, where, in the silent night, so many men, devoted to 
science, have explored and still explore the depths of heaven. 
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I, 
KEPLER’S LAWS. 


The Planets describe Ellipses round the Sun— Law of Areas— Connexion between 
the time of Revolution and the Mean Distances of the Planets from the Sun. 
Corernicts, by his discovery of the movement of the Earth and Plancts 
round the Sun, laid the foundations of modern astronomy.  alileo 
strengthened the building by basing the system upon new proofs. But 
the real form of the Earth’s orbit, and that of the other planets, and the 
velocity with which they moved in the various portions of those orbits, 
and their relative distances from the central body remained still unknown 
for some time, although the determination of these problems was indis- 
pensable for the future progress of the science. For this, however, we had 
not long to wait. Thanks to the genius and the perseverance of Kepler, 
in less than a century these different problems were completely solved. 
Taking, as the basis of his researches, the observations of his master, 
Tycho Brahé, this great man, after seventeen years of unflagging toil, 
discovered three laws to which posterity has attached his name. We will 
now endeavour to give an idea of these laws, which will complete what 

we have written on the Solar System. 

We know that a planet in moving round the Sun describes a con- 
tinuous curving line, each point of which lies on an ideal plane, which 
passes through the centreof the Sun. Such an orbit is named in geometry 
‘a plane curve. Now, what is the form of this curve, and what is the 
exact position occupied by the Sun in this plane? Kepler's first law 
answers these two questions. 

The orbit of each planet is an oval curve—an ellipse. How, then, 
can we regularly define an ellipse ? 

Take a thread, the extremities of which are attached to two nails or 
pins ; press these nails, or pins, into a sheet of paper, or a board, or any 
plain surface on which the curve in question may be traced ; but take care 
that the thread is longer than the distance between the two fixed points. 
This done, by the aid of a pencil stretch the thread till it is tight, in such 
a manner that the point of the pencil can travel over the surface destined 
to receive its trace. Then let the pencil move along the thread, the latter 
being always tightly stretched, and the point will trace part of a curve,which 
can be easily completed by afterwards placing the thread and the pencil on 
the other side of the line which joins the fixed points. Fig. 176 shows 
how this may be done, and gives also the form of the curve obtained. 

Such is the line which in geometry is termed an ellipse. 

The two points, at which the extremities of the thread are fixed, have 
received the name of focz, and the two portions of thread, which connect 
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these foci with each point of the ellipse, are called the radii vectores of 
this point.* 

It is easy to see that this curve is elongated in the direction of the 
line which joins the foci. The line a a is called the major axis of the 
ellipse, the middle point of the major axis is the centre of the curve. 

If, still retaining the same foci, we describe other ellipses with shorter 
threads, we shall obtain figures more elongated. The contrary will 
happen if we use threads of greater length. In the latter case, the ellipses 
will gradually approach the form of the circle; they will never, however, 
absolutely reach the circular form. 

Lastly, if with a thread of the same length we increase or decrease the 
distance between the foci, the same differences of form will be obtained. 
In this case, the length of the major axis will remain the same, but the 
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Fig. 176. 


more the foci are separated the more oval will become the curve ; contrari- 
wise, the nearer they are together the nearer the figure will resemble a 
circle, finally becoming one when the foci are situated in a single point. 

We shall now be able to understand Kepler’s first law. 

Each planet describes round the Sun an orbit of elliptic form, and 
the centre of the Sun always occupies one of the foct. 

We have already seen, that the dimensions of the orbits described by 
the planets differ among themselves, and that the ellipticity of these orbits 
is far from being the same for all. Some orbits are nearly circular, as, 
for instance, those of the Earth, of Neptune, and especially Venus. Others 
are more elongated in shape; those of Mercury and of the Asteroids which 


* As the length of the thread remains constant. the sum of the radii vectores is 
the same for all points of the ellipse. This property serves to define this curve. 
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die between Jupiter and Mars. Lastly, the comets of our system have the 
most elongated orbits, and among them that of Halley’s is the most decided. 

It evidently follows, from Kepler's first law, that the distance of a planet 
from the Sun varies continually during its revolution, and takes all possible 
values between the extreme limits, which correspond to the two positions 
occupied by the planet at the two extremities of the major axis of the orbit. 

Is, then, the velocity of a planet’s motion always the same in the dif- 
ferent parts of its orbit? No. The movement is by so much the more 
rapid, as the planet is nearer the Sun. epler’s second law shows us how 
this velocity varies. 

Let us take a planet in different positions in its orbit, and let us mark 
off on the orbit arcs described by a planet in the same time, P, P,, P., 
P;, Py, Ps. 

We have said that the velocity varies; this evidently is the same as 
saying that the paths described in equal times are of unequal length: so 
that the difficulty consists in finding some connexion between these con- 
stant variations in length. 
Let us insert the planet's 
radii vectores in each of 
the positions chosen ; we 
shall by these means form 
as many triangles as there 
are arcs under considera- 
tion. Now, the surfaces 
or arcs of these triangles 
of which the bases are 
formed by the arcs de- 
scribed in equal times, 
are always equal; and 
therefore, if the length 
of time be doubled, tri- Migs Taf 
pled, &c., the areas of the triangles will be doubled, tripled, &c. 

Kepler, therefore, thus announced his second law :— 

The areas, described or passed over by the radii vectores of a@ planet 
yound the solar focus, are proportionate to the time tuken in describing 
them.* 

Now, it clearly follows from this sccond lew, that the arcs described 
in equal times are smaller as the planet recedes from the Sun, and become 
greater as the Sun is approached. The triangles gain in breadth what 
they lose in length, and their areas remain constant. In other words, the 
planet moves faster the nearer it is to the Sun. 

Kepler's first two laws apply not only to the orbits of the planets, but 
to those of their satellites. Thus, the curves described by the Moon round 





* In planetary orbits one focus only is considered—that in which the Sun is 
placed. In each position of the planet, therefore, there is but a single radius vector. 
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the Earth considered fixed, is an ellipse, and our globe occupies one of 
the foci. -More than this, the velocity of our satellite is such, that, if we 
divide its orbit into lengths passed over in equal times, all the triangles 
formed by the radii vectores of the Moon in its different positions will 
have a surface of similar extent. 

We now come to Kepler's third Jaw, that which cost him much more 
labour. More abstract than the first two, though equally simple in its 
enunciation, it is of the last importance for a proper comprehension of the 
subject, and merits in every way our attention. 

The first two laws deal with each planet considered by itself, and 
would hold good if the system were only composed of two bodies, the Sun 
and a planet. The third law establishes a relationship between every 
planet in the system. 

We must here again call attention to the fundamental fact, that the 
mean distances of the different plancts from the Sun continually increase 
from Mercury to Neptune, and the same thing holds good for their revo- 
lutions round the Sun. But what relationship» exists between the length 
of these periods and the distances, or, in other words, between the periods 
of revolution and the major axes of the orbits? Such is the problem 
resolved by the third discovery of Tycho Brahé’s disciple. 

We will write, in two separate columns, the periods of the revolutions 
of the principal planets, mean davs, and double their mean distances from 
the Sun in thousandths of double the mean distance of the Earth, as 


follows — Periods of Nevolution Double mean Distances from the 
Days. Sun, or Major Axes. 
Mercury ‘ : R77 ‘ : 3871 
Venus . ‘4 ‘ 224°70 , : 723°3 
The Earth . ; 36°26 . : 1000-0 
Mars . : : 686-98 : ‘ 1523°7 
Jupiter ; ‘ 4532°48 . ‘ H202°8 
Saturn ; ; 10759-22 é ; 9538°8 


Uranus . P 3008082 . , 19182°7 
Neptune. ‘ 60126-72 5 ‘ 30040°0 
Let now the periods of revolution be multiplied by themselves. To 
multiply a number by itself is to form what is called its square. This 
first very simple operation will then give the square of the period of the 
revolutions of the planets; this will form another new column. Let us pass 
to the second: multiply each number which represents the major axis of 
the orbits by itself, this will give the squares of these axes. Now multiply 
each of these squares, not by itself, but by the figures in the column which 
represent the major axis; this will give the cubes of the major axis, and 
we shall have a second new column. ‘This done, let us compare two 
squares in the first column, and two corresponding cubes in the second 
one. Divide one square by the other, this will give us their ratio; divide 
in like manner the two cubes, and let us compare the quotients.* 


* Let us take Venus and J upiter for examples. The squares of the times are 
for Venus 50190-0900, and for Jupiter 18771240°4564. ‘The cubes of the major axis 
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We shall find them equal. And this will happen whichever two planets 
we take. Kepler's third law, therefore, is enunciated as follows :— 

The squares of the times of revolution of the planets round the Sun 
are proportional to the cubes of the major axcs. 

Thus, we need only know the time of revolution of the planets to 
deduce their major axes, and, as a consequence, their mean distances from 
the Sun. And as we know the absolute value of one of these, we know 
the absolute value of all. Thus, the knowledge of the relative distances 
of the different bodies of the system depends upon the knowledge of one 
only—that of the Earth, for example. Further on we shall endeavour to 
give an idea of the method which enables us to investigate how many 
radii of the Earth, or how many miles, bridge over the distance which 
separates us from the centre of our system. We may also add, that 
Kepler’s third law applics to the satellites of any given planet; that is, 
it has been found to hold in the cases of the satellites of Jupiter, Saturn, 
and Neptune. 


II. 
UNIVERSAL GRAVITATION. 


Gravity on the Surface of the Earth—Law of the Diminution of the Force of 
Gravity with increased Distance—The Fa'l of the Moon towards the arth — 
Gravitation is universal — How the Sun and Planets are weighed. 

EveryTuinc visible and tangible—or, more strictly, everything existing 
in a solid, liquid, or gaseous state—with which we are aequainted on our 
planet, is subjected to the law of gravity, or, in other words, has weight. 
What, then, do such expressions as ‘ weighty,’ or ‘ heavy bodies,’ and 
‘weight’ mean? This, namely that everv portion of matter left to itself, 
either in the atmosphere or in vacuo, falls in the direction of the vertical of 
the place on which it falls. That if the body be sustained and remains in 
equilibrium, or in repose on a surface, it still exercises a force—a pressure 
on whatever hinders it from falling lower; a force, of which it is easy to 
convince ourselves by noting the effort made by the hand, when it forms 
the supporting surface.* 

Iuxperience proves that the direction of this force, known under the 
name of ‘ gravity,’ lies always in a vertical line; that is to say, in a line 
perpendicular to the horizon, or to the surface of water at rest.. But as 
are, for Venus 378,391,648, for Jupiter 140,835,258,525. Divide one square by the 
other, the quotient is 372. Divide one cube by the other, the quotient is still $72. 
These quotients would change if we took other planets for examples, but they would 
still be equal to each other, and it is this equality which forms the subject of 
Kepler’s third law. 


* If the body in question be sustained by a spring, the constant tension of this 
spring also affords evident proof of the constancy of the force of gravity. 


For example, the flattening of the two poles of the terrestrial globe, 
or, what amounts to the same thing, the swelling of the spheroid towards 
the equatorial regions, causes the distance from the surface to the centre 
of the globe to increase continually as the equator is approached. It 
should therefore follow, that’ the attraction of the Earth on heavy bodies 
is exercised with much greater intensity at the poles than at the equator. 
This fact is abundantly proved by observation. 

The law which regulates this diminution of the force of gravity, when 
the distance of the heavy body from the centre of the Earth increases, is 
as follows :— 

To understand the law well in its simplicity, let us imagine a heavy 
body placed on the surface of the Earth, and consequently distant from 
the centre of the length of the Earth’s radius, or in round numbers 4000 
miles. Let us place it twice, three times, four times . . . ten times further 
away. ‘he action of gravity on this body will be four times less at 
8000 miles—that is to say, at the second position; nine times less at 
the following position, sixteen times, . . . a hundred times less at the 
consecutive distances ; in such a manner that, when the distances increase, 
following the numbers 1, 2, 3, 4,5, . . . 10, &., the force of gravity 
diminishes in the proportion of the squares of these same numbers, or 
becomes 1, 4, 9, 16, 25 . . . 100 times less, and so on. 

The force of gravity is measured by the space fallen through during 
the first second of the body’s fall. So that, if experiment shows that a 
body requires a second to fall from a height of sixteen feet to the surface of 
the Earth, when it is removed to a distance double that of the terrestrial 
radius, it will not travel more than four feet during the first second of its 
fall; at a distance sixty times as great as the radius of the Earth, it would 
not fall more than the ;4,th part of an inch. 

This number gives precisely the measure of the diminution of the 
energy of terrestrial gravity on a heavy body situate in space at the mean 
distance of the Moon. 

If, then, the Earth exercises its action on bodies situated at whatever 
distances in space, it ought to act on the Moon, and its action should be 
precisely equal to that which we have just calculated. Such is the question 
which the genius of Newton put to him, and which he solved, when he 
showed that the Moon, in moving in its circular orbit, falls towards our 
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Earth that very quantity in asecond. It is this incessant fall, combined with 
the centrifugal movement, which, if left to itself, would impel the Moon into 
space, which produces the elliptical movement of our satellite in her orbit. 

Such is the bold generalisation which served as a point of departure to 
the great geometer whom we have just named. 

He went further; he penetrated more profoundly into the secrets of 
the sublime mechanics which rule the celestial bodies. He extended to 
all the bodies of our Solar System this law, which is sometimes called ‘ the 
law of attraction,’ but more correctly ‘ the law of gravitation.’ 

Newton showed, that if the planets move round the Sun, describing 
elliptical curves, according to the laws the discovery of which is due to 
KXepler, it is because that they are submitted to a constant force, located, 
as it were, in the Sun,—a force the direction of which is that of a radius 
vector, or a right line which joins the planet and the common focus. He 
showed, also, that all the circumstances of the movements of the planets 
are well explained by supposing that the force of gravitation is gravity 
itself, exercised by the Sun on the planets in the inverse ratio of the squares 
of their distances. 

Thus the same force, which precipitates on to the surface of the Earth 
bodies abandoned to themselves, is that which maintains the Moon in its 
orbit. It is a force of similar nature, exercised by the preponderant body 
of the system—the Sun—which also maintains the planets and the comets 
in their elliptical orbits, and prevents them from losing themselves in space, 
following the impulse with which they are animated, and thus breaking up 
our system, 

By what series of reasoning, ideas, calculation, and verifications, Newton 
arrived at this great discovery, we cannot in this place narrate. Never- 
theless, it is as well to know, that Kepler’s second law relative to the 
equality of the areas formed the start-point for his demonstration of the 
tendency of the unknown force to act towards the Sun; as he found that 
it necessarily acted in the direction of a radius vector. 

The third law of Kepler, combined with the second, led Newton to 
another inference, namely, that the force varics in tlie inverse ratio of the 
distances. Lastly, he showed that the elliptical form of the planetary orbits 
follows from the very law of the variation of the force in question. The 
nature of the substances, of which the various planets are composed, is 
quite independent of the mode of action of gravity; so that the mass of the 
Sun would act with an equal energy on a unit of the mass of all the planets, 
if they were all placed at the same distance from the common centre. 

But as, by virtue of a universal principle of mechanics, every action 
of one material body on another necessarily supposes a reaction—that is 
to say, an action equal and in a contrary direction—it follows that, if the 
Iarth and the other bodies of the Solar System gravitate towards the Sun, 
the Sun also gravitates towards each of them. The same laws rule in each 
secondary world, composed of a central planet and its satellite. 


' ‘We will here terminate these considerations—which will be considered 
abstract ones perhaps, but which it is impossible to pass by in silence in. 
an astronomical work—with a word on one of the truths of that science 
which is so daring, not to say venturesome, in its attacks upon nature. 
We refer to the statistics given in astronomical treatises on the mass or 
weight of the different celestial bodies. Is it possible to know the weight 
of a star—of the Sun, for instance ? 

We must first well understand what that means. This is not a ques- 
tion of minute quantities ; and if we have expressed in billions of tons the 
weight of the Sun, it has been for the purpose of placing in relief the im- 
mensity of the Sun’s mass, or that of the other members of the system. 

Astronomers take an unit of mass or of weight in connexion with the 
quantities which they would measure. They take for the purpose of com- 
parison, either the mass of the Sun or the mass of our globe. So that the 

question is in some measure transformed into another :— 

How many timesis the mass of the Sun greater than the massof the Narth ? 

If it were possible to place our globe and the Sun successively in 
presence of the same body, and then to measure the force with which each 
of the two bodies would act on the third at the same distance, the problem 
would be solved. For example, we should determine the space travelled 
by the body in a second of time towards the Earth, then the space travelled 
in the same time by the body towards the Sun. These two distances, ex- 
pressed in numbers by means of the same unit, would evidently give the 
ratio of the masses of the Sun and of the Earth respectively. 

Well, at the surface of our globe, experiment tells us that a heavy 
body traverses during the first second of its fall sixteen feet ;* and as, ac- 
cording to Newton’s theory, the attraction of a sphere acts on external 
bodies as if the entire mass of the sphere were concentrated at its -centre, 
we can and must consider the heavy body falling on the surface of the 
terrestrial globe, as situated at a distance from the centre of attraction 
equal to the radius of the Earth. ‘Let us bear this in mind. 

The mass of the Earth, then, acting on a body situated at a distance 
of 4000 miles, causes it io fall 16 feet in one second. On the other hand, 
the Earth itself gravitates towards the Sun; the orbit which it thus de- 


* [This, of course, varies at different distances from the equator, for a reason 
we have already stated. The distance is more correctly as follows :— 


16 feet 03 inches at the equator, 
sy, ok » at London. 
16 , 13 ., at Spitzbergen.] 
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scribes in a year shows how much it falls towards the Sun during the first 
second of fall. ‘The distance is found to be ‘0095 feet. But we must 
bring this measure of the attractive energy of the Sun to what it would 
be at a distance from its centre equal to 4000 miles, or to the terrestrial 
radius, a distance 23,000 times smaller than the Sun’s actual distance. 

The law by which Newton found that the intensity of gravitation 
varies, indicates that the preceding number must be multiplied by the 
square of 23,000. Effecting this operation, the second result is arrived at: 

The mass of the Sun, acting on a body situated at a distance of 4000 
miles from its centre, causes it to travel, in the first second, 5,045,500 feet. 

We can now compare the mass of the Sun with that of the Earth, 
since we know the actions of these two masses on a body situated at the 
same distance from their centres ; and it is clear, that the mass of the Sun 
is by so much greater than that of the Earth, as the number 5,045,500 is 
greater than 16. Dividing, we find in round numbers 315,500. 

We must have, then, 315,500 globes of the same weight as ours to 
balance the Sun. 

To solve this problem, it has been necessary to know the velocity of 
fall of a heavy body on to the planet. This element is directly observable 
on the surface of the Earth. In planets which have satellites, this velocity 
is deduced from the movements of these secondary bodies in their orbits. 
In the case of the planets without satellites, it is not possible to calculate 
in this manner the force of gravity on them. But by studying the influ- 
ence of their masses on the other planets, and the perturbations which they 
cause in their movements, we have arrived at data equally precise in the 
case of all the masses of the bodies of the solar world, compared either to 
the mass of the Sun, or to that of our globe. 


} 


ITI. 


PRECESSION OF THE EQUINOXES—NUTATION— 
PLANETARY PERTURBATION. 


THE rotation of the Earth on its axis produces day ; its translation round 
the Sun gives the year. But in the same manner as we have distinguished 
two kinds of day, the one sidereal, the invariable duration of which is due 
to the movement of rotation, the other solar, which varics in length in the 
course of a terrestrial revolution, in the same manner also astronomers dis- 
tinguish two years—the tropical and the sidereal. 

If we consider the time which elapses between two successive passages 
of the centre of the Earth to the same equinox, the spring equinox, for ex- 
ample, we have what is called the tropical year, the length of which, 
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expressed in mean days, is 365°242264 days. If, instead of thus defining 
the year, we take the time which the Earth requires to return to the point 
of its orbit, in which the Sun appears to coincide with the same point of 
the heavens—with the same star—we have the sidereal year, the duration 
of which, expressed in mean days, is 365°2563835 days. The sidereal 
year exceeds, then, the tropical year by about 20 minutes 20 seconds. 

Whence comes this difference, and how can we explain it by the move- 
ment of the Earth in its orbit? Let us remember that the equinox occurs 
when the plane of the terrestrial equator passes precisely through the centre 
of the Sun. If this plane remained invariably parallel to itself, its line of 
intersection with the plane of the ecliptic would keep likewise the same 
parallelism ; and it would be always at the same point of the orbit of the 
Earth that the successive equinoxes would take place. There would not 
be, then, any differences between the length of the tropical and sidereal 
year. The length of the latter being the greater, shows that the equinoxial 
point has fallen back, so that the Earth arrives earlier at this point than it 
would have done if it had remained immovable. Hence the name, the 
precession of the equinoxes, given to this phenomenon. 

What follows from this fact? That when the Earth occupies the same 
positions in its orbit year by year, the Sun corresponds with stars more 
and more to the east, so that, little by little, and progressively, the aspect 
of the constellations seen at the same seasons is changed. 

Let us analyse still more the phenomenon in question. To say that the 
equinox falls back or retrogrades is the same as'saying that the plane of 
the equator has varied in position; and as the axis of the Earth is always 
perpendicular to this plane, it follows that this axis has not remained 
rigorously parallel to itself. ‘We know indeed that it varies in direction, 
still, however, preserving the same angle with the ecliptic, in such a way 
as to describe an entire cone in an interval of about 25,870 years ; so that 
at the end of this period the equinox, having accomplished an entire 
revolution on the terrestrial orbit, returns to occupy its initial position. 

The terrestrial axis, in executing this slow movement on the surface of 
the starry vault, describes a complete circle. The celestial poles, therefore, 
are incessantly variable, so that the fixity which we ascribe to them in 
our description of the heavens is quite relative. In fact, the northern pole, 
now quite near the Pole Star, is still approaching it. This diminution of 
angular distance will continue until the year 2120, when they will not be 
more than half a degree apart. This epoch passed, the pole will recede from 
Polaris, will pass from the Little Bear to Cepheus, then over the borders 
of the Swan. In 12,000 years, the bright star nearest to the north pole will 
be Vega in Lyra, which will then play the part of Pole Star; Canopus, in 
the southern sky, will be equally found in the vicinity of the other pole. 

The phenomenon of the precession of the equinoxes, discovered two 
thousand years ago by Hipparchus, has during the last century been 
ascribed to its true cause, of which we will speak a word further on. 
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Let us now mention another movement of the axis of the Earth, 
executed simultaneously with that which we have just described. Its 
period is much shorter, since it is only 18% years. 

The conical movement of the axis of the Earth, which produces the 
precession of the equinoxes, and which is effected in about 26,000 years, 
changes progressively the direction of this axis, without, however, modi- 
fying its inclination to the plane of the ecliptic. In truth, however, this 
movement does vary by reason of another movement, which causes the 
axis to oscillate during each period of 18% years around the mean position 
it would occupy, were it influenced only by the movement of precession. 
The name of nutation has been given to this oscillation— this ‘nodding’ 
of the axis of our globe, which gives rise to slight changes, sometimes 
greater, sometimes less, in the obliquity of the ecliptic.* 

All these movements, both those of rotation and translation round the 
Sun, and those of nutation and precession, are effected simultaneously by 
the Earth. The motion of our globe has often been compared, and with 
justice, to that of a top which, while turning on itself with great rapidity, 
and tracing on the surface which supports it a line which may be likened 
to its orbit, undergoes also a balancing of its axis of figure or rotation, 
analogous to the oscillation of the Earth. There is this difference, that the 
various movements of the Earth are accomplished with mathematical 
regularity, in periods relatively very long, and according to laws which 
allow us each instant to assign its true position in space. 

Having described the phenomena, let us indicate briefly how they are 
connected with the great law of the Solar System—with universal gravi- 
tation. Ifthe Earth were rigorously spherical, the direction of its axis of 
rotation would remain always the same, and would preserve indefinitely the 
parallelism of which we have before spoken. The action of gravity of the 
other celestial bodies would not change this direction, if we suppose, as 
observation shows, that the terrestrial poles occupy an invariable position 
on the globe. But it is known that the Earth is not a sphere, it is swollen 
at the Equator; it is like a perfect sphere, covered with padding, the thick- 
ness of which decreases from the equator to the poles, giving rise to a sec- 
tion resembling an ellipse. At the poles the thickness of the pad is ni. 

Now, it has been proved that the action of the mass of the Sun on this 
‘padding’ is the cause of the continuous retrograde movement of the 
equinoxial points, which produces a corresponding advance of the succes- 
Sive equinoxes. In the same manner the action of the mass of the Moon 
on the same padding produces an analogous, but much more rapid action ; 
that of the nutation of the Earth. 


* The maximum of these changes does not reach 10” of are. 

+ We have already seen, that an astronomer of Alexandria, Hipparchus, first 
d‘scovered the precession of the equinoxes. It is to Bradley (1647), that the dis- 
covery of nutation is due. Lastly, the glory of binding firmly these two phenomena 
t» the Newtonian theory of gravitation was reserved for D'Alembert. Laplace has 
since perfected this beautiful hypothesis. 
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This is still another kind of influence which affects the movement o 
the Earth, and which is also a consequence of the law of gravitation. This 
proceeds from the combined actions of the masses of the other planets on 
the mass of our globe. As the actions of which we speak are reciprocal, 
what we say of the Earth in this matter is applicable to any other planet ; 
but to dwell on such abstract and complex considerations as these would 
be to go beyond the purpose of this work. We will, therefore, confine 
ourselves to pointing out its extreme importance. 

Kepler’s laws, which we have announced and explained, and from which 
Newton deduced the law of gravitation, are only rigorously true when we 
consider a single planet and the Sun. But as the masses of the other 
planets also act on this planet, each following the general law, there follows 
a series of modifications which periodically alter its movement. The in- 
clination, the direction of the major axis, the eccentricity of the orbit, are 
elements which especially vary, in a manner changing at once the position 
and form of the orbit of the planet. These alterations which, very far from 
contradicting the law of gravitation, most brilliantly confirm it, are known 
in astronomy under the name of ‘ planetary perturbations.’ We have re- 
ferred to their great importance, not only because they enable us to calculate 
with precision the future position of the celestial bodies of our system, but, 
again, because they will serve—and the discovery of Neptune is a proof of 
our remark—to complete the knowledge which we possess of the Solar 
System. 

In our next chapter we shall discuss the action of the combined forces 
of the Sun and Moon on the liquid part of the surface of the terrestrial 
globe, and we shall see manifested, in a manner visible to all, and in 
extremely short periods, the forces, the perturbations, to which we have 
referred. 


IV. 


THE TIDES. 


Phenomena of the Ebb and Flow, High and Low-water —Epochs of Spring-tides — 
Coincidence of the Phenomena with the Positions of the Moon and Sun —Theory 
of the Tides deduced from the Law of Gravitation— Combined Actions of the 
Sun and Moon. 

Ir we were to compare the sea to an immense being which lives, moves, 

and breathes, it is in the tempest we should see its anger, and in calms its 

sleeping hours, whilst the periodical movements of the tides would typify 
its regular and constant respiration. But these are poetical fancies on 
which we do not care to insist. These great phenomena of nature offer an 
interest 80 real that they require no more embellishment. The true explan- 
ation of the tides, moreover, the connexion of the causes which produce 
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them with the great theory of universal gravitation, are quite recent con- 
quests of science. It is scarcely a century since they were first submitted 
to calculation. They still offer, therefore, to many the attraction of novelty. 

Every one knows that twice a-day, at an interval of about 12 hours 
and 25 minutes, the shores of the ocean present us with the spectacle of the 
flow of the tide: the tide by degrees rises, gaining on the beach, which it 
covers to a greater and greater height, and after six hours’ swelling attains 
its maximum. It is a beautiful sight to see the agitated waves, which 
come with increasing fury, beat the pebbles and the foot of the rocky 
shore, throwing their salt spray high into the air. 

Searcely is the instant of high-water or flood-tide attained, than the 
flow or rise of the water ceases; the descent commences, and the ebd suc- 
ceeds to the flow. The sea then leaves the beach which it covered, and by 
degrees re-descends to its point of departure; we have then low-water, or 
ebb-tide. Then begins another rising tide, followed by an ebb, and so on. 

It must be understood, that the instant of low water is not at the mid- 
interval which separates two consecutive flood-tides, the flow being of 
much shorter length than the ebb, or, in other words, the sea takes longer 
to go down than to rise. This difference varies according to the ports ; 
thus, it is 16 minutes only at Brest, and at Havre 2 hours and 16 minutes. 
Such, in the main, is the phenomenon of the tides. 

If we were confined to the observations of this periodicity of the move- 
ments of the sea, science would not have penetrated very profoundly into 
the mystery of their causes ; it could not predict, as it now does correctly, 
the height of the tides at the different ports, and the precise times of high- 
water, and thus afford valuable information to navigators. 

Before commencing our explanation of the causes, we will conform our- 
selves to the natural course of science, and look more closely into the facts. 

Between two consecutive flood-tides we have, as we have stated, 12 
hours and 25 minutes. It follows, therefore, that from one day to another, 
high-water is 50 minutes behind. Thus the daily period of the pheno- 
menon is exactly equal to the lunar day, the length of which is also 24 
hours and 50 minutes, on the average. In other words, the successive 
retardations of high-water are presented by the successive transits of the 
Moon.over the meridian. If, then, we note the hour of high-water in a 
port, it will be easy to predict the hour for another day. Sailors, profiting 
by this fact, make their arrangements accordingly, as they require to enter 
or leave the port on that day. 

Let us also notice this: 50 minutes of retardation in one day produce, 
in about 14 days and three-quarters, a total retardation of 12 hours; and 
a retardation of 24 hours, or one day, in 29 days and a half; that is to 
say, in the period of a lunation. The hours of the tides are, therefore, the 
same every 15 days, with this difference, that the morning tide becomes 
the evening one, and reciprocally. At the end of a lunar month the hour 
becomes identically the same. 

oo 
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The facts which we have already stated deal only with the times of 
high-water and their variations. Let us now occupy ourselves with the 
height of the tide. 

This height is itself very variable for the same sea and the same port ; 
but here, again, is presented a remarkable periodicity, which shows that 
the phenomenon is connected with the relative positions of the Sun, Moon, 
and Earth. 

‘Near the new and the full moon the flood-tide attains its maximum, 
whilst the corresponding low-water descends to its lowest point. These 
are the spring-tides, or the ‘tides of the syzygtes.’ Their height, then, 
decreases more and more, to the time of the first and last quarter of the 
Moon. We have, then, the neap-tides, or tides of the quadratures. Then 
starting from these two periods, the height of the tide again increases till 
the next syzygies—that is, until the Moon is again in conjunction or op- 
position. 

But the highest, like the lowest tide, does not really fall on the same 
day as the lunar phase; in every part of the ocean there is a difference of 
36 hours, or a day and a half. It is, then, the third tide which follows 
the full and the new moon, which is the highest; the lowest tide, which 
follows the quadratures, is also the third. 

These remarkable coincidences between the times, the periods of high- 
water, and the positions of the Moon and Sun with respect to the Earth, 
have given rise for some time to the supposition that the cause of the 
phenomenon resides in these two bodies. ‘Causa,’ says Pliny, ‘in Sole 
Lundque. But of what nature is their influence? This is a problem 
which it has been given to modern science to solve. Descartes first dared 
to draw the veil and sound the mystery ; and if this great philosopher did 
not succeed in his attempt, it was on account of his preconceived ideas on 
the system of the world. The honour still remains to him of having dared. 
But let us pursue the study of facts. 

The height of the tides again varies with the declinations of the Moon 
and Sun, it is by so much greater as the two bodies are nearer the equator. 
‘Twice a-year, towards the 21st of March and the 22nd of September, the 
Sun is actually in the equator. If, at the same time, the Moon is near 
the same plane, the tides which occur then are the highest of all. These 
are the equinoxial spring-tides, because the Earth is then at the spring, 
or autumnal equinox. 

On the other hand, the smallest tides take place towards the solstices ; 
if the Moon attains its smallest or its greatest meridional height at the 
same time as the Sun. 

Lastly, the distances of the Moon and Sun from the Earth have also 
their influence on the height of the tides. Other things being equal, the 
height of the tide is by so much greater as the two bodies are nearer the 


Earth. Thus, the tides of the winter solstice are higher than those of the 
summer one. 
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Such are the general circumstances which characterise the pcrivdical 
movements of the sea. But it must not be forgotten, that they are not 
the only ones; the force and direction of the winds, the configuration and 
direction of the coasts, the depth and extent of the seas,—circumstances 
which depend upon position and time—are so many multiplied influences 
which singularly complicate the tides. ‘Thus, every one is aware that 
isolated seas, like the Caspian, or those of small extent, and communicating 
with the ocean by narrow straits, like the Black and Mediterranean Seas, 
have but imperceptible tides.* The opposite coasts of the Atlantic, which 
face each other, west and east. have very unequal tides. It is the same 
with the eastern coasts of Asia, which have strong tides, whilst at the 
other side of the Pacific, and in the Oceanic Archipelago, the flow, which 
is very regular, attains but little height. 

But speaking only of the European ports, the intensity of the pheno- 
mena is extremely variable, even in neighbouring places. Let us take an 
example: according to the calculations of the tides for the year 1864,t 
the highest tide was that which followed a day and a half after the full 
moon of the loth September, a little before the autunmal equinox ; it 
pceurred on the 17th. . . 

The calculated height of this tide was at Lrest, 12 feet ; at Granville, 
234; 104 feet at Cherbourg; 14 fect at Havre. ‘These numbers, very 
different for the neighbouring ports, show only the height above the mean 
level of the sea; that is, the level the water would take if there were no 
tides. They must be doubled, if we wish to have the height of the flood- 
tide, above the level of low-water, for the same day. Thus, at the ports 
of Granville and St. Malo, the waters rose on the date mentioned to a total 
height of ubout 46 feet. If the wind favours such a tide as this, and 
increases its violence and its height, great disasters may be feared. 

There is a vast difference between the tides of the western coast of 
Tuurope and those of the isles of the Southern Sea, which scarcely rise to a 
height of 20 inches. But there are some still more terrible ; and amongst 
them we will content ourselves with quoting those of the Bay of Fundy in 
New Caledonia, which rise, it is said, to a height of nearly 100 feet. 

The cause of these differences in height is greatly owing to local 
circumstances. Thus, the ports of the Channel are subject to strong tides, 
because the moment the waters meet with an obstacle in the narrowing of 
the coasts, and the further the gulf is penetrated, the higher is the tide. 

The tide is felt in great rivers, to a distance depending upon their size 
and depth. At the moment of high-water the waters of the river flow 
back, re-ascending their course, but the transmission of this river-tide is 
progressively retarded. 


* According to the observations of the able and regretted G. Aimé, who studied 
the undulation of the tides at Algiers during two years, the height of the luni-solar 
tide in that port is nearly 31 inches on the day of syzygies. 

f By MM. Laugier and Mathien, Annuaire du Bureau des Longitudes, 
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Hence follow the curious phenomena, known in France under the 
names of mascareé and barre [such as the ‘bore’ in the river Severn]. 

We will now speak of the causes of the tide. 

It is the combined actions of the Moon and Sun on the liquid mass 
with which our globe is three-quarters surrounded, which produce the 
alternate movements of the ebb and flow. 

We have seen, that if two bodies, such as the Earth and the Moon, are 
present, the molecules of both have a mutual tendency, known under the 
name of ‘ gravitation,’ the intensity of which varies directly as the masses, 
and inversely as the square of the distance. Let us now see how this 
action is exercised by the Moon on the liquid molecules of a sea. 

The Earth having the form of a spheroid, the liquid stratum which 





Fig. 178.—Attraction of the Moon on the waters of the sea. Simple lunar tide. 


covers it would have a form exactly similar, and continually the same— 
except accidental variations due to meteorological causes—if the Moon 
and Sun did not exist. 

Let us consider the Moon at a given moment. Let us connect its 
centre with the centre of the Earth by an ideal line; this line will meet the 
surface of the globe in two points diametrically opposite. The one nearest 
the Moon will be the place on the Earth at which the Moon is in the 
zenith. The opposite point will have the Moon at the nadir, every place 
of the Earth which has the same latitude as the first will see the Moon 
on the meridian at that instant. 

The attraction of the Moon on the nearest liquid molecules partly 
counterbalances the attraction of the Earth ; it lessens their gravity in the 
vertical direction. The molecules, which their fluidity and independence 
separate from the surface to the solid part of the Earth, rise by virtue of 
that attraction. The same thing happens, but n a less degree, with the 
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neighbouring molecules in the hemisphere turned towards the Moon, the 
attraction being slightcr as these molecules are situated further from the 
point which lies at the summit of the hemisphere turned towards the Moon. 

Hence it follows, that the liquid sheet with which this hemisphere is 
covered is swelled up towards 
the Moon, and, instead of keep- 
ing its spherical form, takes— 
though not, of course, in exact 
proportion—the form of an ege. 
There is high-water at the top, 
low-water at every place which 
has the Moon on the horizon. 
If the Earth had no move- 
ment of rotation, this tide 
would be permanent, and the 
waters would thus remain in 
equilibrium, or at least would 
follow the movement of revolu- 
tion of the Moon; the tides 
would have no other periods 
than the Iunation. But the 
Karth in its rotation presents 
all its surface to the Moon, so 
that the wave follows the parallel 
which corresponds to the posi- 
tion of our satellite. 

So far we have explained 
the high and low tide for the 
hemisphere turned towards the 
Moon; but how is it that the 
waters are also swelled up at 
the same instant on the opposite 
hemisphere ? 

This is easily accounted for. 
The lunar attraction makes 
itself felt on all the molecules 
which compose the earth and 
sea; but its energy is much 
more slight, as these molecules 
are more distant. If this action 
an beatae Ge thece Re Tele waters of tig gen, Laniaulax de ‘ot the aysygien 
follow a total displacement towards the Moon, but no change of form. 
The inequality of attraction causes the most distant molecules to remain 
behind ; their gravity towards the Earth is diminished, and all the liquid 
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strata on the hemisphere opposite the Moon take precisely the same form 
as those that are in front. [In a word, on one side the water is pulled 
from tle Earth, on the other the Earth is pulled from the water. | 

This problem, when submitted to mathematical analysis, indicates for 
the general form of the surface of the ocean that of an ellipsoid, swollen 
in the direction of the diameter of the Earth, which when prolonged passes 
through the Moon at every instant. 

There is then high-water whenever the Moon transits-either the upper 





Fig. 180.—Neutralising action of the Moon and Sun on the waters of the sea. 
Luni-solar tides of the quadratures. 


or lower meridian, that is to say, every 12 hours and 25 minutes; and 
low-water every time that it is at the horizon of a place, that is to say, 
at periods of equal duration. ° 

But it is not the Moon alone which acts, there is also a tide produced 
by the attraction of the Sun. The cnormous bulk of that body would 
produce immense movements of the waters if its distance, four hundred 
times greater than that of the Moon, did not counterbalance the attractive 
force due to its mass. The solar tides, although much smaller than the 
lunar ones, sometimes increase them, at others neutralise them. 
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They increase them when the two bodies are on the same line with the 
Earth, which occurs at the syzygies—at new and full moon (fig. 179). 
The actions of the two bodies neutralise each other when the Moon is at 
a right angle to the Sun, and in that case the resulting tide is a mini- 
mum (fig. 180). 

Calculation shows that the luni-solar action is much more intense 
wuen the bodies are nearer the equator: hence the great equinoxial tides. 
Lastly, the action varies in the inverse ratio of the cubes of their distance : 
it is therefore clear, that the tides are higher when the Moon and Sun are 
nearer the Harth. 

Such in the main is the principle of the theory of the tides. These 
daily and irresistible movements are subjected to immutable laws; they 
are, by reason of the density of the water of the sea—a density inferior to 
that of the solid nucleus which that water covers—confined within narrow 
limits. Natural laws suffice to ‘ put a curb on the fury of the waves.’ 

[It must be noted, however, that, although the statical equilibrium of 
a tidal wave is thus accounted for, the dynamical conditions of the pro- 
blem cannot thus be explained. On the contrary, if we consider only the 
dynamical relations, we shall find that the place of low-water should be 
under the Moon and at the opposite part of the Earth, the place of high- 
water between these regions. Newton, Laplace, Airy, and others, agree 
in this view. The theory of the tides remains yet to be established satis- 
factorily. Much that has been presented in popular treatises as a part of 
that theory is, in reality, but an account of the results of observation.— 
R. A. P.] 


V. 
ORIGIN AND FORMATION OF THE SOLAR SYSTEM. 


Laplace's Hypothesis of the Origin and Formation of the Solar System— Primitive 
Nebula— Luminous Nuclens— Formation of Planets and Satellites — Direction 
of the Movements of Rotation and Revolution. 

Tue human mind seems so organised that it attaches itself with more 

obstinacy and perseverance to the pursuit of those questions which it is 

impossible to solve than to those which are more accessible. At the risk 
of a kind of intellectual vertigo, it loves to lean over the cliffs of those 
abysses of thought, at the bottom of which lie in confusion the solutions 
of so many grave problems, the origin and the end of all things, the 
essence of the first cause, and many other questions which are rather in 
the domain of metaphysics than of science. 

This tendency towards the abstract is, so to speak, irresistible. It is 
not sufficient for us to fathom, with the telescope, the depths of infinite 
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By a like curiosity, we attempt to remount the course of time, and to 
picture to ourselves the first origin of things. We almost know what is 
the actual state of the universe. The discovery of the most general laws 
authorises us to predict the future state of the celestial bodies, at least in 
our system. We, therefore, try to know what it is which has given them 
birth, and lacking the positive knowledge, which it is so difficult to 
acquire in such matters, we attach ourselves to the traditions which have 
been in vogue from the first ages of humanity. 

Will there ever be any certain notions on this subject? We know 
not. But we shall not be sorry to know what are actually the most 
probable conjectures deduced from those sciences which deserve in the 
highest degree to be called positive. 

Geology teaches us that the Earth, at its origin, existed in a fluid 
state. Formed from an immense agglomeration of gaseous matter, en- 
dowed with an excessive temperature, condensed at its centre, it has 
slowly cooled, then formed a liquid shell enveloped with a high and thick 
atmosphere. ‘Then, in consequence of the gradual loss of heat, the super- 
ficial strata by degrees solidified, until a certain state of general equilibrium 
has given it the dimensions and form which it now possesses. 

Among the many witnesses which testify to this ancient history of 
the Earth, there are two which still remain, and which we can. now 
question. ‘These are, on the one hand, the increasing temperature of the 
strata as we descend, which compels us to consider the interior nucleus of 
the Earth as being still in an incandescent state; volcanic eruptions are 
an additional proof in support of this hypothesis. On the other hand, in 
the form of the terrestrial globe, in its flattening in the direction of its 
axis of rotation, and the swelling out of the equatorial portion, lies the 
mechanical proof of the fluid primitive state. 

Such are the most certain data which we possess on the ancient history 
of the Earth, the different evolutions of which can be followed. It is not 
easy, however, to assign certain epochs to the various phases of this 
development, but, in such a case, probabilities suffice, and all agree in 
giving to our planet an age, the antiquity of which is counted by some 
hundreds of thousands of years. _ 

Is the Earth, then, the only planet of the Solar System to which we 
must assign such an origin ? Here precise data fail us, and it is to analogy 
that we must appeal for an answer. We have said that facts are wanting. 
We mistake; there is one which is of great weight; it is the fact of a 
common flattening, which is certain in Mars, Jupiter, and Saturn, and 
which the difficulty of measurement only has prevented us from proving 
in the other planets of the Solar System. It is, then, extremely probable 
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that at the origin the whole Solar System was formed from an agglomera- 
tion of matter In a gaseous state, which by degrees was transformed into 
distinct bodies, under the influence of a cooling going on during thousands 
of centuries. We thus arrive at the hypothesis formulated by one of the 
greatest sons of modern science, Laplace, who has thus attempted to 
account for most of the phenomena of planetary astronomy. We shall 


try to describe in a few words this theory of the origin of the bodies which 
compose our system. 


If we go back in thought to an epoch distant from our own by a con- 
siderable series of centuries, the whole Solar System, or, more exactly, all 
the matter which now forms the different groups, existed in a purely 
gaseous state, or. as it may be put, under the form of an immense nebula, 
extraordinarily diffused, presenting no indication of condensation. In such 
a condition the molecules of the nebulosity were so distant one from the 
other, that the repulsive force with which they are endowed entirely 
annulled the attractive force by virtue of which, gravitating one round the 
other, they would tend to form groups. But centuries elapsed; the nebu- 
losity by degrees cooled by incessant radiation into space: the action of 
the repulsive furce diminished, and that of attraction was exercised more 
and more: it condensed and formed one or many centres in various parts 
of the nebulosityv. 

The solar nebula ought then to have presented at last the aspect of o 
luminous nucleus enveloped to a great distance by a kind of gaseous atmo- 
sphere, in form nearly spherical. Such appear to us in space the nebulous 
stars; we have seen, indeed, that astronomers consider these Jast systems 
as irreducible into stars, or as simple, double, or multiple suns, surrounded 
with a real nebulosity, either self-luminous or illuminated by the central 
body. At this period of its formation the Sun existed alone, the planets 
and their satellites remained undeveloped in the atmosphere. 

But the entire mass was endowed with a movement of rotation, which 
forced in the same direction either the molecules of the nucleus or those of 
the nebulosity. Ata given moment the limits of this latter depended upon 
the distance at which the centrifugal force due to rotation was in equilibrium 
with the central force of gravitation. These limits changed and approached 
the centre, under the influence of a continual cooling, which induced in 
consequence a diminution of volume in the nebula. Hence the abandon- 
ment of a zone of condensed, vapour at the distance of the first limits. 

By degrees the celestial atmosphere abandoned a series of zones of 
vapour nearer and nearer the centre, all being nearly in the plane of the 
general equator; that is to say, that in which, in consequence of the 
velocity of the rotatury movement, the centrifugal force was naturally 
preponderant. 

These are the zoncs which have given birth to the planets, or to the 
groups of planets and asteroids. 


Laplace next explained why the satellites formed no more new satel- 
lites, and why these secondary bodies present the same side to the planet 
round which they gravitate: it is, that their small distances giving to the 
attraction of their primary a preponderating influence, the satellites them- 
selves, when still in a fluid state, were swollen up tide-like, towards the 
planet; and from their rotatory movement followed a time of rotation 
nearly identical with that of their movement of revolution. After a certain 
number of revolutions these periods become rigorously equal. 

Such is, in a few words, the magnificent theory which Laplace has 
presented to the scientific world, with a reserve which testifies to the pro- 
found respect which this great genius accorded to the truths demonstrated 
with all the rigour of science. It must be acknowledged that it 1s in perfect 
accord with the laws of general mechanics, and with the facts of both astro- 
nomical and physical observation. Without extending the subject further, 
it is impossible not to be struck with the agreement which the system of 
Saturn presents with the conception of the illustrious geometer; Laplace 
insists with reason on this point. 

‘The regular distribution of the mass of Saturn’s rings around its 
centre, and in the plane of its equator, follows naturally from this hypo- 
thesis, and without it it must rest without explanation; these rings * 

* Some very curious physical experiments, imagined by M. Plateau, account 
in the most satisfactory way for the phenomena which we have just described; 
they appear to us well adapted to dissipate the obscurity, which a description of 
ee abstract conception would naturally leave in the minds of some of our 

These experiments consist essentially in freeing a fluid mass from the action of 
gravity, in such a manner that all its parts may be merely acted upon by their mutual 
attraction ; and in imparting afterwards to this mass a movement of rotation more 
and more rapid. To do this, M. Plateau places u «uantity of oil in a glass vessel, 
filled with a mixture of water and alcohol, the lower strata of which are less dense 


than the oil, whilst the upper strata are lighter. The mass of oil descends in the 


mixture as far as the stratum of the same density, where it remains, taking the form 
of a sphere. 
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appear to me to be ever present proofs of the primitive extension of the 
atmosphere of Saturn, and of its successive contractions. 

[The theory, however, gives no account of the observed relations of 
planetary magnitude, inclination, axial rotation, &c.; nor of the meteor 
systems, which are now found to traverse the Solar System in all direc- 
tions, and with all degrees of excentricity, inclination, and so on. The 
present writer has shown that these peculiarities, as well as all those 
accounted for by Laplace, can be explained by the theory that the Solar 
System resulted from meteoric aggregation rather than (directly) from 


the condensation of a gaseous mass. See, ‘Other Worlds than Ours,’ 
ec. ix.—R. A. P.] 


In this state, the mass of oil is freed from the action of gravity, and the form 
which it takes is due simply to the mutual attraction of its molecules. 

Next, by the help of a metallic disk introduced with care into the sphere of oil, 
and a stem which passes through its centre and communicates with a handle, M. 
Plateau imparts to the system a progressive movement of rotation. 

When this movement is slow, the sphere is transformed into a spheroid, swelled 
at. the equator, flattened at the poles, under the action of the centrifugal force, which 
developes the movement. The phenomenon acvounts then perfectly for the form 
of the planets. 

If the movement becomes more rapid, the flattening becomes more considerable ; 
the spheroid at last becomes indented at its poles, spreading out more and more in 
the horizontal direction, until the oil, entirely leaving the disk, is formed into a 
circular ring. At this moment, the phenomenon at once explains both the zones 
detached at the origin of the solar mass, and the rings of Saturn. 

Lastly, if the rotatory movement, rendered more rapid, is continued with a disk of 
a diameter sufficiently large, the centrifugal force, in driving the particles of tho 
surrounding medium towards the riug, soon separates it into several isolated masses, 
which form themselves into individual spheres ; each of which preserves for a certain 
time 2 movement of rotation of its own in the snuine direction as the ring. 

This last phase of the phenomenon offers a stviking analogy with that of the for- 
mation of the centres of condensation which, on Laplace's hypothesis, are the origin 
of the planets of our system. 
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METHODS AND INSTRUMENTS EMPLOYED BY 
ASTRONOMERS. 


I. 


CELESTIAL MEASUREMENTS. 


General Idea of the Problem by which the Distance of Inaccessible Objects is de- 
termined—Solution of this Problem on the Earth’s surface-— Distance of the 
Earth from the Moon —Solar Parallax, Distance of the Sun from the Earth— 
Stellar Parallax, Distance of the Stars. 


WE are now about to discuss one of those problems, the solution of which 
leaves so many doubts and gives rise to so much incredulity in the minds 
of those unacquainted with mathematical science and methods; we refer 
to the determination of the distances which separate us from the various 
celestial bodies. 

In enunciating the problem generally, we shall put in evidence the 
essential difficulty, the cause of the incredulity to which we have referred, 
and which we must attempt to remove. The problem is as follows :— 

To measure by means of a conveniently chosen unit the distance of « 
visible but INACCESSIBLE point. 

The difficulty lies in the circumstance that the object in question is 7n- 
accessible. If we speak of measuring a line on the surface of the Earth, the 
possibility of the operation is at once recognised. Without being in the 
secret of the methods employed,—methods often very long, very laborious, 
and very delicate,—it is assimilated vaguely to direct measurement of a 
small distance by means of a chain or cord ; and no one makes a difficulty 
in admitting, errors excepted, the results of surveys of the surface of our 
globe, 

But how can we ever know the length of the straight line which joins 
the eye and an object situated in space, out of our reach—the Sun or Moon, 
for instance? This is the question raised by most persons when they hear 
astronomers affirm that the Moon is 240,000 miles from the Earth. 

We shall, therefore, show that this problem is one of no real difficulty: 
the necessary operations are, theoretically, very simple, and it is in the 
practical carrying out of them that the real difficulty —the impossibility, 
where the thing is impossible —lies. 
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We will proceed from the known to the unknown, from the simple to 
the complex, and we will commence with the problem of the distance of 
an inaccessible point, situated on the Earth’s surface. We shall see that 
in the main the solution of this case is the same as that of the most diffi- 
cult ones, and applies equally to the determination of the distances of the 
heavenly bodies. 

We will suppose ourselves in a level field or meadow. We see on the 
horizon the top of a tower, from which we are separated by some obstacle, 
such as a river. We want to know the distance of this tower from our 
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Fig. 181.—Measure of the distance of an inaccessible object. 


stand-point without actually measuring or stepping the distance; without, 
in fact, crossing the water. We shall proceed as follows :— 

At C, our standing-point, we plant a stick; at B, in the meadow, we 
plant another, at a distance which must not be too small compared with 
the distance of the tower. We now measure accurately by means of a 
Gunter’s chain, or tape, the straight line which joins B and C. Let it be, 
for example, 468°7 yards. 

This is the Base Line of our operations. 

Now, by means of a theodolite placed successively at C and B, we 
observe the tower at each station, and the instrument will give us the 
angle formed by the visual ray with our base-line; that is to say, the 
angles at the base of the triangle A BC. What do we now know? 
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First, the exact length of the line B C, measured on the ground itself, 
directly ; and secondly, two angles: A C B, which we will suppose to be 
equal to 80° 29’, and A BC equal to 75°. We shall find these data 
quite sufficient to lay down a similar triangle on paper, on any scale that 
we may choose, in such a manner that, by means of a properly divided 
measure, we may read off the number of yards in the side C A of the 
triangle. We shall find it 1085 yards, nearly. 

The distance sought, therefore, has been found, and the problem is 
solved. ; 

The precision of the result will depend upon two things: first, the 
degree of exactness of the measurement of the base ; secondly, that of the 
two angles. This double precision itself depends upon the perfection of 
the measuring instruments and the skill of the observer. Nor must we 
forget another important consideration. The choice of the base, both as 
to its position and length, has a great influence on the result. If it be 
too small relatively to the distance measured, the form of the triangle is 
very elongated, and a small error in the measure of either angle may 
cause a large error in the result. In terrestrial measurements we can, of 
course, always choose our base; in celestial ones, on the contrary, this is 
not the case, and a difficulty often practically occurs in this way with 
which theory has nothing to do. 

We now arrive at the application of what we have said, and will begin 
with the most simple case, that of the distance of the Moon. 

Two astronomers arrange to observe in two different parts of the 
globe. One chooses Dantzig, the other the Cape of Good Hope. We 
will suppose the two stations, for greater simplicity, situated on the same 
meridian, so that the time is the same at both stations at the same absolute 
instant. 

They agree to observe the Moon simultaneously, that is, on the same 
day (or night) at the same hour. These stations A and B (fig. 182) 
being known, the difference of the latitudes is known; this is the angle 
A. T B formed at the centre of the Earth by the verticals of the two 
stations. 

These are the data of the problem. What we have to find is the 
length of the distance L T, or the straight line which joins the centre of 
the Moon with the centre of the Earth, at the time the observation is 
made. 

The first observer, by the aid of a special instrument, measures the 
angle Z A L, the zenith distance of the Moon’s centre. The second ob- 
server, at the Cape, does the same for the angle Z’B L. This is all that 
need be done. We can now construct on paper a figure similar to the 
four-sided figure, L A ‘TB. The angle T is known; the lines Z A and 
Z B are two nearly equal radii of the terrestrial sphere ; and the direction 
of the lines A L and B L is given by the observations. When once this 
-four-sided figure is laid down, we only have to connect the points T and 
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L, and to find its length, taking the Earth's radjus as the unit of 
measurement.* 

We have thus found that the mean distance of the Moon is about 60 
radii of the Earth. 

We now pass on to the distance of the Sun, and of the divers planets 
of the Solar System; and we will commence by two remarks, which will 
simplify our subsequent explanation. 

If we refer to the first general problem, of the distance of an inacces- 
sible object, we shall understand, if we lock at fig. 181, that the accurate 
measure of the two angles at the base tells us at once the angle at the apex; 
or the angle formed by the two straight lines which join the tower and the 
extremities of the base, [as the sum of the three angles in any triangle 
is a constant quantity = 2 right angles. | 

This angle is called the parallar of the tower. and the object of all 
the problems, dealing with celestial distances, is to determine the amount 





Fig. 182.—Measure of the distance of the Moon. 


of this parallax. Thus, for the distance of the Moon, what we seek to 
Imow is the angle which the base A B (fig. 182) would subtend at the 
centre of the Moon, or, more generally, the angle subtended by the diameter 
or radius of the Earth at the Moon. 

In the case of the Sun, the problem may thus be stated. Under what 
angle would the diameter of the Earth appear at the centre of the Sun? or, 
in astronomical language, What is the Sun’s parallax ? 

The second remark is as follows :—Kepler, by the discovery of his 
laws, enabled us to determine not the absolute, but the relative distances 
of the planets from the Sun; in such o manner that, although he was 
unable to express the absolute distance by means of a common unit, in 
miles for example, the relative dimensions of the orbits were so known that 

* In this example, as in the other, the graphic construction on paper— anj ex- 
ceedingly rough method—is not the one actually employed. The real solution is 
accomplished by a more or less complicated, but sure, mathematical caleulation. 


This calculation admits of a precision which is only limited by the accuracy of the 
preliminary observations. 





Fig. 183.—Measure of the Sun’s distance by the transit of Venus.* 


and every planet and satellite, and the distance of those stars whose paral- 
laxes are approximately known.’t 

The value of the Sun’s distance at present received has been deduced 
from the transits of Venus in 1761 and 1769, and as these .transits afford 
the most satisfactory means (although, as we have seen, note page 15, there 
are others) of determining it, we will endeavour to give an idea of the 
method employed. 

We have seen that when Venus crosseS the Sun’s disk, during its 
transit, it appears as a round black spot. Let us suppose two observers 
placed at two different stations on the Earth, properly chosen for observa- 
tions of the phenomenon, one at a station A in the Northern hemisphere, 

* [Tt will be understood that the distance V, V, in the figure, is enormously ex- 


aggerated. The real distanco would not exceed the diameter of either of the disks 
shown in the figure at V, and V,.— R.A. P.] 


+ [The Astronomer Koyal i in ¢ Monthly Notices,’ vol. xvii. p. 209.] 
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another at a station B in the Southern one. When Venus is exactly between 
the Sun and the Earth, the observer at A will see her projected on the Sun 
at a certain point, which we will call V.; the Southern observer at B will, 
from his lower station, see the planet—which we will call V — projected 
higher on the disk at a point which we will call V;._ Now, the angle which 
we require to know, in order to determine the Sun’s distance, is A V, B, and 
the proportion of the measured angle Vo A V, to the desired angle A V, B 
isas V,; V toA V, or as 72 : 28, very nearly. So that, clearly, all depends 
upon finding the value of the angle V, A V;. Now, how can this be done? 

If the distance between the two stations is sufficiently great, the plane: 
will not appear to enter on the Sun’s disk at the same absolute moment at 
the two stations, and therefore the paths, or the ‘chords,’ traversed will be 
different. Speaking generally, the chords will be of unequal length: so 
that the time of transit at one station will be different from the time of 
transit at the other. ‘This difference will enable us to determine the 
difference in the length of the chords described by the planct, and conse- 
quently their respective positions on the solar disk, and the amount of their 
separation. Now, this separation is the angle V, A V, required. Having 
this, we can compute the value of A V, B, and infer from it the Sun’s 
distance; in fact, if A B were situated at the extremities of a diameter of 
the Earth, we should know the angle which it would subtend at the Sun: 
in other words, we should know the Sun’s parallax. 

But this is on the supposition that the Earth has no motion of rotation; 
let us introduce this consideration, and see not only how it modifies the 
result, but also with what anxious foresight astronomers prepare for such 
phenomena, and why it was requisite m 1769 and 1874, and will be again 
necessary in 1882, to go so far from home to observe them. 

Let us take the transit of 1882 :* we already know the instant and 
place (true perhaps to a second of time and arc) at which the planet will 
enter and leave the solar disk; in other words, we know exactly how the 
Earth will be hanging in space, as seen from the Sun—how much the 
south pole will be tipped up—how the axis will exactly lie—and how the 
Earth will be situated at the moments of ingress and egress. Now, if we 
draw two planes cutting the centre of the Earth, tangential to those parts 
of the Sun’s limb at which the planet will enter and leave the solar disk, 
we shall recognise in a moment that some parts of the Earth will see the 
planet enter the disk sooner than others. Some parts, on the other hand, 

* (When this was written ethe transit of 1874 had been neglected so fur as 
the application of the method here considered was concerned. It had appeared to 
the Astronomer Royal, on a general view ofthe subject, that the transit of 1882 
would be preferable. But a very careful analysis of the conditions of the two transits 
by the present writer (see ‘ Monthly Notices of the Astronomical Society,’ vol. xxix.) 
has shown that in reality the transit of 1874 would afford far more favourable oppor- 
tunities for the application of Halley's method than the later transit, during which, 
indeed, that method can hardly be applied at all. Fortunatcly the correction came 


in time to be of service, and due observations were made last December (1874) by all 
the methods available for the purpose.—R. A. P.] 
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will see it leave the disk later—in other words, according to the position 
of a place with reference to the plane of which we have spoken, both 
ingress and egress will be accelerated or retarded as the case may be. 

Now, if we can find a place where both the ingress will be accelerated 
and the egress retarded, and another where the ingress is retarded and the 
egress is accelerated, we shall get what we want, the greatest difference in 
the duration of the transit,—the greatest difference in the length of the 
chord, of which we have before spoken. 

‘Selecting, then (we quote from a paper by Sir G. B. Airy in the 
‘Monthly Notices,’ vol. xxiv.), the parts of the Earth at which the duration 
of transit would be shortest, it is seen at once that in the seaboard of the 
United States of America the ingress is retarded by a quantity repre- 
sented by 0°95, and the egress is accelerated by a quantity which, in the 
mean, is 0°83 nearly ; so that the whole shortening is represented by 1:78 
(the geometrical possible maximum being 2°00). That locality, therefore, 
is very favourable. 

‘ Selecting, secondly, the parts of the Earth at which the duration of 
_ transit would be longest, it will be found that the choice is more limited, 
and the practical difficulties rather greater. For the acceleration of ingress 
at 2" Greenwich mean time, the observing-station ought to be on the right 
side of the diagram, and for the retardation of egress at 8" Greenwich mean 
time, it ought to be on the left side of the diagram. It is impossible to 
satisfy these conditions, except by a station on the Antarctic Continent. 
From this and other considerations it has been found that the place must 
be in 7" East longitude nearly. Such a position can be found between 
Sabrina Land and Reptlse Bay. Here the whole lengthening of transit 
would be represented by 1°61; a very large amount (the geometrical 
possible maximum being 2°00). Combining this with the observations at 
Bermuda, the whole difference of durations would be represented by 3°41 
(the geometrical maximum being 4°00). This point near Sabrina Land is, 
in fact, the only one which is suitable for the observation. 

[But when the mistake made in the original paper in the two transits 
had been pointed out, it was suddenly discovered by Sir G. B. Airy and the 
Admiralty that Antarctic observations were altogether impracticable, so 
that the above account must be regarded as based on a double mistake. 
However, it does not the less illustrate the principle of the methods used 
for observing transits —R. A. P.] 

This method, we see, is sometimes more complicated than that by 
which the Moon’s distance, or that of the inaccessible object, was deter- 
mined ; but they all depend upon the same principle. 

We have given, however, but the spirit of the method, omitting all the 
difficulties met with in practice, and all the consequent complications in 
the calculations.* 


* The reader may perhaps ask why the Sun’s parallax is not determined direct 
by a simple triangulation, as in the other problems we have noticed. The reason 
is, that the base of the triangle, at its maximum, cannot exceed the dimensions o 


The method of triangulation is still the one adopted. But the base is 
no longer either the radius or diameter of the Earth. Already we know 
that the angle under which our Earth would be seen at the Sun is extremely 
small; and it has required all the precision of our modern astronomical 
data on the planetary movements to obtain a positive result. But the 
distance of the stars is so considerable, that it is useless to attempt to use a 
base on the surface of the Earth. 

It is, therefore, necessary to choose a base elsewhere, and also some other 





Fig. 185.—Apparent variation in the height of a tower at different distances. 


unit of measurement. Astronomers at once thought of the distance which 
separates the Karth from the Sun, even before this distance was determined ; 
so that the problem was to determine how many times the Sun’s distance 
was contained in the distance of any given star. 

Let us see in what manner we have been able to use this immense base- 
line, which, as we know, contains some 24,000 terrestrial radii. Let us 
again take a familiar comparison for an exatnple, and imagine an observer 
placed in the centre of an extensive plain. Before him, on the horizon, is 
a tower, the top of which appears to be of a certain height above the 
the Earth’s diameter. Now the distance of the Sun is so great that, compared to 
this base, errors of observation would assume a considerable importance, compared 
to the extremely small angle to be measured. [For instance, an error, which in the 
case of the Moon would throw us out only 100 miles, would in the case of the Sun 
amount to 16,000,000.] This difficulty, therefore, has to be got over by utilising the 


transits of Venus—a method due to the illustrious Halley, and the most efficacious 
inf thace at nreseant. a - 
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general level of the plain. Now, it is evident that this apparent height 
depends upon the distance of the observer from it, and that the height will 
increase as he approaches the object, and decrease as he recedes from it. 
Let us glance at fig. 185. When the observer is at B, the visual ray, BS, 
has caused the summit of the tower to stand out on the background of clouds 
at h. Ifhemove from B to A, approaching the tower, the new visual ray, 
A S, will form a greater angle with the surface of the plain than the first, 
and the top of the structure will have gradually elevated itself from b to a. 
By how much? By an angular quantity exactly equal to that under which 
an eye placed at S would see the base, A B, that is to say, the line of length 
of which measures the observer's displacement. 

Well, the horizontal plain represents to us the plane of the terrestrial 
orbit ; the summit of the tower is a star, the distance of which we seek; 
its height above the plane is what is called by astronomers the star’s lati- 
tude; and the distance traversed, A B, will be that which the Earth 
accomplishes in six months, a distance of some 1{/0 millions of miles. The 
displacement b a, is, in fact, the parallax of the star referred to the diameter 
of the Earth’s orbit; it is double the parallax of the star if the radius of 
that orbit—the distance of the Earth to the Sun—be taken as an unit. 

The question, therefore, consists in determining whether the latitude of 
the star has sensibly augmented when the Earth has passed from the first 
to the second position, and the precise value of this augmentation, if there 
be any. 

A large number of mest delicate observations at first showed no appre- 
ciable variation in latitude; in a word, it was impossible to detect any 
change, even of a second of arc, in a star’s place. So thet the visual angle 
under which form one of these stars, a distance of some 183,000,010 miles, 
is seen, is almost nil. 

Now, in order that any given lengih, a yard for instance, viewed in 
front, may be reduced so that it will subtend an angle of one second only, 
it must be removed from our eye to 206,000 times its own distance. 

It results, therefore, from this that the stars are removed from us at 
least 206,000 times the distance of the Sun from the Harth—206,000 
times 183,000,000 miles. Let us imagine in space a sphere—having the 
Earth for centre, and this tremendous distance for radius; it is perfectly 
certain that not a single star could lie within it. 

However interesting this first datum may be, it'is only a negative one. 
But astronomers were not discouraged. They increased the perfection of 
their methods, and suggested a second still more delicate than the first. 
We will endeavour to give an idea of it. | 

Let us return to our observer. We will suppose that he has not been 
able to detect any appreciable increase in the apparent height of the tower, 
in consequence of the extreme smallness of the displacement compared with 
the distance of the object observed. Nevertheless, this increase, however 
small it may be, is a reality. How, then, can he detect it? In this manner. 
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Instead of only looking at the top of the tower, he will compare its 
position with a neighbouring point—neighbouring at least in ajpearance 
—and will then commence his approach. One of two things must happen, 
either the two points are at the same distance from the eye, or one is further 
off than the other. 

In the first case, the variation in the height will be the same for bo h, 
and the method will not succeed. In the second case, the top of the to er 
rising higher than the point with which it is compared, which we will 
suppose the more distant, their reciprocal distances will vary. Now, on 
the one hand, it is much more easy to measure the variation where it is 
confined within small limits, than where it becomes relatively a consider- 
able quantity. On the other hand, the small apparent movements due to 
different causes, and the inevitable errors of observation and instrument, 
as they affect in a like manner both points observed, may all be neglected. 
Such is, shortly, the second method employed by astronomers, the success 
of which has enabled us to determine, with a great exactitude, our distance 
from some of the stars. 

Comparing with the greatest care, and for several years in succession. 
the apparent position of several couples of neighbouring stars [one of which, 
by virtue of its proper motion, we know to be nearer to us than the other}, 
we have been enabled to determine the visual angle, which the diameter of 
the Earth’s orbit subtends at the nearest. We have already dealt with the 
results of this method of observation. 

Such are, in their most elementary form, the methods employed by 
astronomers in measuring celestial distances. If, by means of the tore- 
going explanations, we have been enabled to convince our readers of the 
certainty of the results, and to dispel the doubts which some among them 
may have entertained on the possibility of the solution of this problem, our 
end is gained. But it must be fairly stated that, if the spirit or principle 
of the methods be easy to comprehend, the practical working out of them 
is extremely difficult ; all the resources of the mathematical sciences, all 
the most precise astronomical knowledge, so patiently accumulated during 
50 many centuries, all the precision of our measuring instruments, have 
been indispensable for arriving at their exact solution. We have said 
nothing of the talent of observation, the sagacity, and sometimes the genius. 
of the philosophers who have employed them. 
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II. 
; ASTRONOMICAL INSTRUMENTS. 


VISIE TO AN OBSERVATORY. 
Instruments for obtaining Magnified Images of Celestial Objects—The Astronomical 

Telescope Newtonian, Herschelian, Gregorian, and Silvered-Glass Retlectors— 

instruments used in Observatories: Transit Cire'e, Equatorial. 

THE surprise and admiration excited by a description of the marvels 
which astronomers have discovered in the depths of the heavens are always 
accompanied by a strong desire to see for oneself. Hence arises a very 
pardonable curiosity to know more of the instruments, by means of which 
the circle of our knowledge of these magnificent phenomena is being con- 
tinually widened. Telescopes, both refractors and reflectors, are eagerly 
sought after; but those most frequently met with are ordinarily so small, 
that when we compare them with the large instruments now used in obser- 
vatories, the sentiment of curiosity is rather over-excited than satisfied. 

We have mentioned Observatories—Temples of the most sublime of 
the sciences which in the eyes of the profane, that is, of a large majority 
of the public, are looked upon as mysterious sanctuaries where, in the 
silent night and away from the busy hum of men, philosophers are in 
intimate communication with the inuumcrable worlds which people the 
Universe. How many there are among us,—we speak of those interested 
in science,—anxious to inspect one of them if even cursorily. In order, 
therefore, to do what we can to satisfy this wish, we give in this last 
chapter a short description of the principal instruments to be found in 
them. 

We may divide astronomical instruments into three distinct classes :— 

Those which serve to increase the power of the human eye, or, in 
other words, to lessen distances. Such are telescopes, divided ‘into 
refracting and reflecting telescopes, or, as they are called, [vefractors anc 
Reflectors ; 

Those which have for their object the measurement of angles, and by 
means of which we determine the positions of the stars; Divided Circles 
and Micrometers are the principal instruments in this class, and they are 
always used in conjunction with telescopes ; 

Lastly, those which enable us to estimate time with all the precision 
requisite in astronomical calculations [that is, to the tenth part of a 
second]; such are Astronomical Clochs and Chronometers. 

We must limit ourselves here to the first. class, those which, by giving 
us a magnified image of the object, bring it apparently nearer to us, and 
thus assist our sight. By reason of its etymology (r%A¢, far, and cxomsiy, 
to see),:the term Z'elescope is applied to all those instruments which fulfil 
this condition, whatever be their construction. 
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In Refractors, the light is made to pass through a combination of 
lenses, called the Object-glass, and is refracted, or bent, to the focus. In 
Reflectors, the rays are received on a mirror, or Speculum, and are reflected 
to the focus. This is the fundamental distinction between the two classes: in 
both the aérial image formed at the focus is examined in the same manner. 

The following description will enable us to understand the specific 
character, which we have thus defined in such a general manner. 

The Astronomical Telescope is a refractor formed, as we have seen, 
of two systems of lenses, one held in position by a cylindrical tube; the 
one turned towards the object is termed the Olject-glass, and on it falls 
the beam of rays emitted by the object viewed: this is grasped by the 
object-glass, and made to converge, at a certain distance behind it, to a 
spot called the focus, where it forms an image of the object observed. 
This image, a U in the figure, is examined by the aid of a magnifier, in 





Fig. 186.—Theorctical Scetion of the Astronomical Telescope. 


precisely the same manner as a naturalist examines an insect or a plant. 
The eye, in looking at the image of the object by means of this lens— 
which again may be, and gencrally is, a combination of lenses—observes 
it magnified, and can examine its details. Hence it is called an eye-piece. 

Such is, in principle, the construction of an Astronomical Telescope. 
It must be observed that it is not the object itself which is observed by 
means of the eye-piece, but its image, and it is the image alone which is 
magnified. 

[A word now as to the power of the telescope, and, first, as to its 
illuminating power. The aperture of the object-glass—that is to say, its 
diameter — being larger than that of the pupil of our eye, its surface can 
collect more rays than our puril: if this sugface be a thousand times 
greater than that of our pupil, it collects a thousand times more light, and 
consequently the image which it forms at its focus is a thousand times 
brighter than the image thrown by the lens of our eye on to our retina. 

Having this image at the focus, the magni fs ying power of the telescope 
comes into play. ‘This, in the general opinion, is the most important 
element of power. It varies with the eye-piece employed, the ratio of the 
focal length of the object-glass to that of the eye-piece giving its exact 
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amount. Learing*in mind that what an astronomer wauts is a good clear 
image of the object observed, we shall at once recognise that magnifying 
power depends upon the perfection of the image thrown by the object-glass 
and upon the illuminating power. If the object-glass does not perform 
its part properly, a slight magnification blurs the image, and the telescope 
is useless. Hence, many large telescopes are inferior to much smaller ones 
in the matter of magnifying power, although their illuminating power is 
so much greater. Hence, again, the immeasurable superiority of refractors 
over reflectors in this particular; for, although by virtue of their illumi- 
nating power they are admirably adapted for observations of nebulx, 
Where the best definition of the image is required, they are found sadly 
wanting. 

There is another matter to be mentioned. In the case of stars—- 
which, by reason of their immense distance, appear as points—no increase 
in the size of the disk, except the one mentioned further on, follows the 
application of higher magnifiers ; with planets this is different: each in- 





Vip, 18°.—Section of t:.c Astronomical Telescope. 


crease of power increases the size of the image, and therefore decreases its 
brilliancy, as the light is spread over a larger area. Hence the magnifying 
power of a good telescope is always much higher for stars than for planets, 
although, at the best, it is always limitcd by the state ,of the air at the 
time of observation. | 

If the material of which the object-glasses are composed is equally 
pure, and their definition equally fine, those with the largest apertures 
possess the greatest magnifying power. 

To return to the object-glass. It is composed generally of two lenses, 
in juxtaposition, or nearly so, one bi-convex, the crown, the other bi-concave, 
the flint. This combination is required to destroy the chromatic aberra- 
tion, which, without it, would surround the image with a halo of coloured 
light, and destroy the purity of the image. The eye-piece also is composed 
generally of two or more separate lenses, the object of which is to reduce 
the distortion of the image .as seen through a single lens, and to increase 
the jield of view. 

In fig. 186 is given a section or interior view of an astronomical 
telescope, similar to the one figured in fig. 187. 

[Among the most remarkable and powerful refractors of the present 
day, we may mention that at Chicago, of 185 inches aperture, the work 
of the celebrated American optician, Alvan Clark, and those of Pulkowa 
and Cambridge, U.S., each of 15 inches aperture, from the atelier of 
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Merz, the successor of the celebrated Fraunhofer. While we write, our 
English opticians, Messrs. Cooke and Sons, are mounting an object-glass 
which they have just completed, of the enormous aperture of 25 inches. 
which at one bound surpasses almost our most sanguine hopes, and restores 
Iengland to the place it held in the optical art in the time of Dollond.] 
We now come to the Reflector, which, as we have seen. differs from 
the refractor in having a concave mirror to reflect light, instead of an 
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Fig. 188.—Newtonian Reflector. 
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object-glass to refract it. The mirror requires to be ground and polished 
With the most consummate care and skill, as its surface is not spherical, as 


are those of object-glasses, but parabolic. 
The arrangement of the mirror and the eye-piece is of course different 


from that adopted in the refractor, as the mirror is opaqne, and its 
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Fig. 189.—Gregorian Reflector. 


concavity must be turned towards the sky. ,.We give three sections of 
reflectors of different constructions as designed by their inventors, Newton, 
Gregory, and Herschel. 

In the first of these instruments (fig. 188) the luminous rays, after 
reflexion from the principal speculum M, are again reflected from a 
smaller one m, inclined at an angle of 45°, in such a manner as to throw 
the beam to the side of the tube, to which is fixed the eye-piece, which 
performs, as we have said, the functions of a magnifier. Thus, in Newton's 
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GREAT SILVER-ON-GLASS REFLECTOR. 


Constructed by M. Foucault. 
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construction, the observer is placed sideways, at a right angle to the 
direction of the rays which enter the telescope. 

In the Gregorian form (fig. 18) the great speculum is picreed at its 
centre, and the aperture holds a tube containing the eye-piece: the small 
mirror is placed in front of the large one, its reflecting surface opposite to 
it and perfectly parallel. There is, therefore, a double reflexion. as in the 
Newtonian form, but the eye of the observer is directed to the object 
viewed. This double reflexion naturally much enfeebles the light. 

The ‘front-view’ reflector,— Herschel’s form (fig. 190),—has not 
this disadvantage; there is but one mirror M, inclined at the bottom of 
the tube in such a manner as to throw the image to the lower edge of the 
end of the tube turned towards the object. This arrangement is only 
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Fig. 190.—‘ Front View’ Reflector. 


good in the case of large specula, because the observer, who is compelled 
to turn his back to the object observed, cuts off part of the beam of light 
by his head. 

In reflectors, the loss of light by reflexion is much greater than that 
caused by absorption in refractors ; so that with equal apertures the illu- 
minating power, and therefore the magnifying power, of reflectors are 
very much less. 

Some years ago a skilful physicist, M. Léon Foucault, who is so well 
known from his delicate experiments on the velocity of light and his 
invention of the gyroscope, suggested the construction of glass mirrors, 
coated with an exceeding thin film of silver, chemically deposited, an 
arrangement which would much reduce the price of telescopes and would 
render their polishing extremely easy. We reproduce here (Plate XXIV) 
the magnificent instrument he has constructed for the Observatory of Paris 
(it has subsequently been removed to Marseilles). This reflector is con- 
structed on the Newtoniar principle. . 

Among the remarkable reflectors at present in use, we must mention 
that constructed by the Earl of Rosse, and erected at Parsonstown, in 
Ireland. This colossal instrament is of 60 feet focal length, and the mirror 
is 6 feet in aperture. We have seen what good use the illustrious constructor 
of this instrumental marvel has made of it in discovering new nebule, 
which had resisted all feebler efforts. ‘The instrument cost 12,000/. 
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Plate XXIII gives, according to the ‘Speculum Hartwellianum,’ views 
both of the telescope and of the structure which supports it and permits its 
proper handling. 

Now-a-days, when the heavens are explored in all parts by tried 
observers, provided with the most perfect instruments, it becomes more 
and more difficult to add to our knowledge of the physical constitution 
of our system and of the other sidereal systems. While the telescope was 
young, very small instruments were sufficient to secure the most glorious 
discoveries. Galileo saw the satellites of Jupiter by means of a telescope 
which magnified seven times ;-and never used one which magnified more 
than thirty-two times. Let us add, lest amateurs should be discouraged, 
that a small telescope of less than three inches aperture, and with magni- 
fying powers varying from 60 to 300 times, is sufficient to enable one 
to pursue useful investigations. M. Goldschmidt discovered fourteen minor 
planets with a telescope such as we have described; and he has seen the 
satellite of Sirius with it also. 

[ We are glad to know that in England the number of medium-sized 
refractors, by which so much good work has been done, is rapidly 
increasing. The illustrious Secchi, we think, has too hastily condemned 
small telescopes; and—bearing in mind the double-star work done by 
the Rev. W. R. Dawes with a small telescope, and the maps of the Moon 
and Mars we owe to the observations of Beer and Midler, who used a 
smaller instrument still—the increase in the use of even small telescopes is 
a subject for much congratulation. 

In this climate of ours, which by the way is not so bad, astronomically 
-speaking, as some Anglophobes would make it, a 6-inch glass i is doubtless 
the size which will be found the most constantly useful; larger apertures 
being frequently not only useless, but hurtful. Still, 4 or 34 inches are 
apertures by all means to be encouraged; and by object-glasses of these 
sizes, made of course by the best makers, views of the Sun, Moon, planets, 
and double stars, may be obtained, sufficiently striking to set many seri- 
ously to work, as amateur observers, and with a prospect of doing good, 
useful work. 

Thus, in the matter of double stars, a telescope of 2 inches aperture, with 
powers varying from 60 to 100, will show the following stars double :— 


Polaris. y Arietis. *% Geminorum 
a Piscium. e Herculis. y Leonis. 
# Draconis. 2 Ursee Majoris. & Cassiopesr. 
A 4-inch aperture, powers 80-120, reveals the duplicity of— 
6 Orionis. a@ Lyre. 3 Geminorum. 
s Hydre. & Ursee Majoris. o Cassioper. 
s Bootis. y Ceti. « Draconis. 
« Leonis. 
And a-6-inch, powers 240-300,— 
s Arietis. a Ophiuchi. s Equulei. 
3 Cygni. 20 Draconis. @ Herculis. 


32 Orionis. x Geminorum. 
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The testing of a good glass refers to two different qualities which it 
should possess. Its quality, as to material and the fineness of its polish, 
should be such that the maximum of light shall be transmitted. Its 
quality, as to the curves, should be such that the rays passing through 
every part of its area shall converge absolutely to the same point, with a 
chromatic aberration not absolutely nz/, but sufficient to surround objects 
with a faint, dark-blue light. 

The convenient altitude at which Orion culminates in these latitudes 
renders it particularly eligible for observation ; and during the first months 
of the year, our readers who would test their telescopes will do well not 
to lose the opportunity of trying the progressively difficult tests both of 
illuminating and separating power, afforded by its various double and 
multiple systems, which are collected together in such a circumscribed 
region of the heavens, that no extensive movement of their instruments — 
an important point in extreme cases—will be necessary. 

Beginning with 6, the upper of the three stars which form the belt, 
the two components will be visible in almost any instrument which may 
be used for seeing them, being of the second and seventh magnitud>s, and 
well separated. The companion to (3, though of the same magnit ide as 
that to 6, is much more difficult to observe, in consequence ofits p:oximity 
to its bright primary, a first-magnitude star. Quaint old Kitchener, in 
his work on telescopes, mentions that the companion to Rigel has been 
seen with an object-glass of 23-inch aperture; it should be seen, at all 
events, with a 38-inch. Z, the bottom star in the belt, is a capital test both 
of the dividing and space-penetrating powers, as the two bright stars of 
the second and sixth magnitudes, of which the close double is composed, 
are but just over 24” apart, according to Secchi’s last measurements. 
The small star below, which the late Admiral Smyth, in his charming 
book, ‘ The Celestial Cycle,’ mentions as a test for his object-glass of 5-9 
inches in diameter, is now plainly to be seen in a 33. The colours of 
this pair have been variously stated, Struve dubbing the sixth magnitude 
—which, by the way, was missed altogether by Sir John Herschel— 
olivaceasubrubicunda.’ 

That either our modern opticians contrive to admit more light by 
means of a superior polish imparted to the surfaces of the object-glass, 
or that the stars themselves are becoming brighter, is again evidenced by 
the point of light preceding one of the brightest stars in the system com- 
posing o. This little twimkler is now always to be seen in a 33-inch, 
while the same authority we have before quoted— Admiral Smyth— speaks 
of it as being of very difficult vision in his instrument of much larger 
dimensions. In this very beautiful compound system there are no less 
than seven principal stars; and there are several other faint ones in the 
field. The upper very faint companion of A is a delicate test for a 33-inch, 
which aperture, however, will readily divide the closer double of the prin- 
cipal stars, which are about 5” apart. 

KE 
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These objects, with the exception of Z, have been given more to test 
the space-penetrating than the dividing power; the telescope’s action on 
52 Orionis will at once decide this latter quality. This star, just visible to 
the naked eye on a fine night, to the right of a line joining a and é, is a 
very close double. The components, of the sixth magnitude, are separated 
by less than two seconds of arc, and the glass, which shows a good white- 
black division between them, free from all stray light, the spurious disk 
being perfectly round, and not too large, is by no means to be despised. 

The ‘ spurious disk’ which a fixed star presents, as seen in the tele- 
scope, is an effect which results from the passage of the light through the 
object-glass; and it is this appearance which necessitates the use of the 
largest apertures in the observation of close double stars, as the size of the 
star’s disk varies, roughly speaking, in the inverse ratio of the aperture of 
the object-glass. 

Then, again, we have a capital test-object in the great ‘ Fishmouth’ 
nebula, by far the most glorious of its class in the Northern hemisphere, 
and surpassed only by that surrounding the variable star » Argis in 
the Southern, And although, of course, the beauty and vastness of this 
stupendous and remote nebula increase with the increased power of the 
instrument brought to bear upon it, a large aperture is not needed to 
render it a most impressive and awe-inspiring object to the beholder. In 
an ordinary 5-foot achromatic, many of its details are to be seen under 
favourable atmospheric conditions. Those who are desirous of studying 
its appearance, as seen in the most powerful telescope, are referred to the 
plate in Sir John Herschel’s ‘ Results of Astronomical Observations at the 
Cape of Good Hope,’ in which all its features are admirably delineated, 
and the positions of 150 stars which surround @ in the area occupied in 
the nebula laid down. 

This star, to which we wish to call especial attention, is situate (see 
fig. 139) opposite the bottom of the ‘fauces,’ the name given to the indent- 
ation which gives rise to the appearance of the ‘fish’s mouth.’ This 
object, which, as we have seen, has been designated the ‘trapezium,’ from 
the figure formed by its principal components, consists, in fact, of six 
stars, the fifth and sixth (y’ and a’) being excessively faint. Our previous 
remark, relative to the increased brightness of the stars, applies here with 
great force; for the fifth escaped the gaze’ of the elder Herschel, armed 
with his powerful instruments, and was not discovered till 1826 by Struve, 
who, in his turn, missed the sixth star, which, as well as the fifth, has been 
seen in modern achromatics of such small size as to make all comparison 
with the giant telescopes used by these astronomers ridiculous. 

Sir John Herschel has rated y’ and a’ of the twelfth and fourteenth 
magnitudes—the latter requires a high power to observe it, by reason of 
its proximity to a. Both these stars have been seen in an ordinary 5-foot 
achromatic by Cooke, of 32 inches aperture, a fact speaking volumes for 
the perfection of surface and polish attained by our modern opticians. 
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Observations should always be commenced with the lowest power, 
gradually increasing it until the limit of the aperture, or of the atmospheric 
condition at the time, is reached : the former being taken as equal to the 
number of hundredths of inches which the diameter of the object-glass 
contains. Thus, a 33-inch object-glass, if really good, should bear a 
power of 375 on double stars where light is no object; the planets, the 
Moon, &c., will be best observed with a much lower power. 

It is always more or less dangerous to look at the Sun directly with a 
telescope of any aperture ahove two inches, as the dark glasses, without 
which the observer would be at once blinded, are apt to melt and crack 
from the concentrated heat. We must, however, except the cases in which 
a Dawes’ solar eye-piece is employed, its smaller field of view, and conse- 
quently reduced beam admitted to the eye, obviate the objections attaching 
to direct vision. | 

A diagonal reflector, however, which reflects an extremely small per- 
centage of light to the eye, and by reason of its prismatic form refracts 
the rest away from the telescope, affords a very handy method of solar 
observation. When this is used, it is possible even to light a cigar at the 
focus, while the Sun is observed in the most satisfactory manner by the 
rays intercepted by the reflector. 

Care should be taken that the object-glass is properly adjusted. This 
may be done by observing the image of a large star out of focus. If the 
light be not equally distributed over the image, or the diffraction rings are 
not circular, the screws of the cell should be carefully loosened, and that 
part of the cell towards which the rings are thrown very gently tapped 
with wood, until perfectly equal illumination is arrived at. This, however, 
should only be done at extreme cases; it is here especially desirable that 
we should let wed? alone. | 

We will now describe some of the most important work carried on in 
observatories. One of the first rooms we enter,—we suppose ourselves in 
the Paris Observatory,—is that in which the meridian instruments are 
placed. Here at once our attention is riveted by telescopes, divided circles, 
and clocks, that is to say, by instruments which amplify our vision, mea- 
sure angles and positions, and measure and divide time. 

Three telescopes, of which one is fixed in the centre ofa large circle, 
attached to a wall at the end of the room, and of which the nearest is the 
most modern and the most powerful, have all the same allotted task, that of 
showing us with precision ¢he moment at which the stars pass through the 
plane of the meridian, and of measuring their angular distances from the 
zenith, whence their position with regard to the celestial equator can be, 
deduced. | i 

The first instrument is styled a mural circle, the others are transit 
instruments. 

In all these instruments the telescopes aro arranged to turn freely on 
their axes, placed horizontally in a direction east and west, or perpendicu- 
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larly to the plane of the meridian. The axis of each telescope, therefore, 

never leaves this plane; and as the daily movement of the Earth brings 

i, by turns all the stars on the meridian, it is always pos- 

sible to observe the exact instant of the transit,or passage - 

™ of one of them through this plane. To render this 

™ observation easy, the transit instruments are provided 

y with a series of fine spider webs placed at the focus ; 

sella these are shown in fig. 191. The higher the power 

Fig. aa employed, the more rapidly does the star move across 

the field of view, and the more necessary does it become 

to notice the exact instant at which the star passes behind the different 

‘wires,’ as they are called, the error of observation being diminished by 
taking the mean of the times of the transits across all of them. 

We see in Plate X XV, by the side of the meridian instruments, two 
astronomical clocks, regulated to sidereal time and beating sidereal seconds. 
The noise of the beat is sufficient to enable the observer to follow the time ; 
this he estimates to within a tenth of a second, in such a manner as to 
know most exactly the instant of transit when it takes place between two 
successive beats. 

Visitors will scarcely care to regulate their watches by the time kept 
bv these clocks, which, as we have before said, is sidereal, or star time, 
reckoning throughout twenty-four hours, the transit of the first point of 
Aries being the star-point. 

_The mural circle consists of a metallic circle divided into degrees and 
fractions of a degree, and placed in the meridian. A movable telescope 
attached to its centre allows us to observe astar at the moment of transit: 
the direction of the telescope shows the angular distance between the actual 
position of the star and the zenith ; hence we can conclude its declination, 
the angular distance of the star from the celestial equator. 

The mural circle, therefore, serves also as a transit circle ; reciprocally 
we now attach divided circles to transit instruments, by means of which the 
zenith distance is measured. The magnificent transits, both on the one 
model with which both Greenwich and Paris are now endowed, perforin 
both these important functions. 

From the transit-room we must now pass to the dome, under which is 
placed the large equatorial of 15 inches aperture. 

As the meridian instruments enable us to observe the stars only for a 
few moments as they are passing the meridian, it becomes necessary to 
have large telescopes to follow them through those regions of the heavens 
through which they are carried by the diurnal movement. 

This desideratum is accomplished by means of the equatorial, 

As we see on Plate XX VI, the telesoupe i is fixed on an axis, on which 
it can move up and down as it were, keeping the same right ascension : 
this axis is attached to another, parallel to the axis of the Earth; and 
when this last axig is in motion, the telescope can change its right ascen- 
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sion. It is, therefore, also free to move in every direction by a combina- 
tion of these two movements. The other most important parts of this 
instrument are as follows ; firstly, the telescope: then a divided circle, at 
right angles to the declination axis, this measures the declination or the 
angle distance of a star from the celestial pole a second circle at right 
angles to the polar axis, and therefore in the plane of the equator, which 
measures right ascension. 

There is also a clock-work movement, which carries the instrument in 
one direction as fast as the diurnal movement of the Earth is carrying it 
in the other. From this it resuits, that if the telescope be directed towards a 
celestial object, such object can be kept in the field of view for hours. This 
affords a great facility for observations of the planetary disks, sun-spots, 
the heads of comets, &c. 

The equatorial may also be used for determining celestial positions, 
the divided circles, which enable us to find stars and other objects in the 
day-time, being used for this purpose. 

We would gladly have entered into some particulars of the way in 
which the measurement of angles is accomplished, and of the instruments 
used, of the precision at which astronomers have arrived, thanks to the in- 
genious methods and the progress of mechanical and optical art. We should 
then have referred to micrometers, divided circles, heliometers and other 
instruments employed in observations. But our description of the instru- 
ments used by astronomers is already long. We must, therefore, refer to 
special treatises those who are desirous of entering more into defail in 
these matters. Our cbject will have been sufficiently gained if in exciting 
curiosity we have succeeded in giving the desire to study a science s0 
capable of elevating the mind, and of affording it the purest and noblest 
enjoyments. 
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AsboTr, F., the nebula surrounding 
n Argus, called by him the ‘ Crooked 
Billet,’ 350 

Aberration, chromatic, £00, 414 

Acceleration of the revolution of Encke’s 
comet, 247, and note 

Achernar, 271, 288, 358 

Achromatic telescopes, 214, 221, 418 

Adams, Prof., his researches in lunar 
astronomy, 141; on the extent of the 
orbit of meteors, 169; on the irregu- 
Jarities in the motion of Uranus as 
explained by the existence of a more 
distant planet, 232 

see aérosiderites, acrosiderolites, 

72 

Airy,SirG.B.,his calculation of the Moon’s 
angular diameter, 118; on the time of 
rotation of Jupiter, 197n.; his method 
of solving the problem of the Sun’s 
proper motion, 297; on the visibility 
of the Pleiades with the naked eye, 
315; on the transit of Venus for 1882 
as available fur correcting the Sun’s 
parallax, 400, 404 

Alcor, 277 

Alcyone, 315 

Aldebaran, 271, 270, 285; spectrum of, 
33] 

Algol, variation in its brilliancy, 307, 809 

Altar, 288; star-cluster in, 321 

Andromeda, 285; great nebula in, 333, 
342, 343; planetary nebula in, 353, 
354. 59 and y Andromede, the colours 
of, 305 

Angelina, 188 

Angle of inclination, 198 n. 

Annular eclipses of the Sun, 151 

Annular nebule, 335, 33! 

Antares, 271, 283 ® 

Aphelion, 61 n., 106, 108 

Apogee of moon, 1195 

Aquarius, star-cluster in, 319, 320; nebula 
in, 356 

Arago. M., illustrates the immensity of 
the Sun’s volume, 16 ; on a remarkable 
instance of a solar spot, 30; on the 
luminous surface of the Sun, 38n.; 
on the polarization of the Sun's light, 


41; on the intensity of the Sun's 
luminous rays, 50; on the colour of 
the zodiacal light, 75; on the lumi- 
nosity of the same, 81; on the dia- 
meter of the Moon, 136; on the dura- 
tion of a solar eclipse, 153; on the phe- 
nomena of the eclipse of July 1842, 
159; on the brightness of the polar 
zones of Mars, 179 n.; on the atmo. 
spheric conditions of Jupiter, 202; 
on the form of Uranus, 220; on the 
discovery of Neptune, 233; on scintil- 
lation of stars, 208; on the variation 
of colours in stars, 306; on trans. 
formations in nebule, 301. References 
to his ‘Popular Astronomy,’ 16, et 
passim 

Archer, 284 

Ares, 228, 275, 375 

Arcturus, 271, 281; its distance from the 
Karth, 292; its velocity uf movement, 
295 

Areas, Kepler’s laws of, 375 

Argelander, F., on the diameter of Ceres, 
101; his catalogue of stars visible in 
the horizon of Borlin, 271; on the 
number of stars visible with tele- 
scopes, 273 ; his reductions of the posi- 
tions of Tycho Brahé's new star, 311 

Argo, 288: nebulous stars in, 355. » Ar- 
gas, 271, 418; the variability of, 315; 
nebula surrounding, 346, 347, 350 

Ariel, a sateliite of Uranus, 231 

Arrow, 284 

Asteroids, their position in the solar 
system, 186; hypothesis as to their 
existence prior to their discovery, 187 ; 
their orbits and times of revolution 
round the Sun, 189, 190; their size, 
191; their dimensions compared with 
the Earth, 192; their probable num- 
ber, ib.; maps by which they are dis- 
covered, 192-194 

Astrea, 189 

Astronomers, why unable to predict the 
approach of comets, 242; their clas- 
sification of stars, 270, 271; their 
methods and their instruments, 396— 
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Astronomical clocks, 407 

Astronomy, its problems and revelations, 
1, U, dd, 213, 268, 200, 204, 299, 300, 
390, et passim ; its laws, 371-805 

Atair, 271, 283 

Atlas, 315 

Atmosphere of the Sun and planets, 36, 
G1, 90, 93, 155, 181; of the stars, 
and the difference in colour effected 
by, 381, 332 

Atmospheric refraction, 89, 225; its ef- 
fects on the appearance of the disks 
of the Sun and Moon, 13 

Attraction, laws of, 879, 386-391 

Auriga, 278; nebulous stars in, 354 

Autumn, 105 

Autumnal equinox, 386 

Axis of rotation, 100, 104, 198, 209, 228, 
277, 380 


Baily’s beads, 155, 159 

‘ Barre,’ 388 

Beer and Madler, on the atmosphere of 
Mercury, 62; on the crescent of Mer- 
cury,64; on the period of the rotation 
of Venus, 70; on lunar physics, J44; 
on the colour of the snow-zones of 
Mara, 179, 181, 182; on the rotation, 
spots, and satellites, of Jupiter, 17, 
202, 207 ; small telescope employed by 
them in their researches, 414, £19 

Bellona, 189 

Belt of Orion, 417 

Belts of Jupiter, 201, 202 

Borenice’s Hair, 281, 301, 3]4, 316: ne- 
bulre in, 356 

Berlin Star-maps, 233 

Bessel, Prof., Zones of, 273 n. ; his mea- 
surement of the distance of the stars 
from the Earth, 201n.; suspects the 
existence of a sateliite of Sirius, 302 

Betelgeuse, 271, 279; variation in its 
brilliancy, 307 ; spectrum of, 331 

Bianchini on the spots on Venus, 70 

Biela’s comet. See Gambart. 

Birt, W. R., on the luminous bands of 
the Moon, 132; on rilles, 133; his 
Junar researches, 147. Notes by, 131, 
132, 135 

Bode’s law as to the successive distances 
of the planets, 186, 187 

Bolides, or luminous meteors, their na- 
ture, and telescopic appearance, 171 

Bonpland, M., on the star-shower of No- 
vember 1709, 165 

Bond, Prof., W. C., on the divisions of 
the rings of Saturn, 212, 214, 219 

Bond, Prof., G. P., on cometary enve- 
lopes, 249; on the comet of 1856, ib. ; 
on nebule, 848, 346, 340, 951 
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Bootes, 281 

‘Bore’ in the river Severn, 388 

Bourbon, Isle of, topographical relief of, 

Bouvard, M., suspects the existence of a 
planet beyond Uranus, 232 

Bradley, Mr., his discovery of nutation, 
383 n. 

Brahé, Tycho, his discovery of a new 

_ Star, 310, 311; his astronomical dis- 
coveries, 373, 374 

Brorsen’s comet, 251 

British Association Catalogue of stars 
visible to the naked eye, 272 n. 

Browning, J., on a change in the colour 
of the equatorial belt of Jupiter, 202 n. 

Bull, the, 277 


Callisto, 203 

Cambridge equatorial, 235} 

Cambridge, U.S., refractor, 409 

Canes Venatici, nebula in, 338 

Canopus, 271 

Cape Clouds, 358 

Capella, 271, 278; its distance from the 
Marth, 292; its velocity of movement, 
295 

Capocci on sun-spots, 31; his observa- 
tions of shooting stars, 140 

Carrington, R. C., his solar researches, 
1), 23, 23 n.; his investigations as to 
the hature ofsun-spots, 20; on # sin- 
gular appearance seen in the Sun in 
September 1859, 52 

Cassini, on the distance of the Sun, 
15 n.;3 his observations of Venus, 70n., 
Tin.; on the zodiacal light,79, 80; on 
the rotation of Jupiter, 197 n. 

Cassiopea, 277. wW Cassioper, a triple 
sun, J03; « Cassioper, 30!) 

Castor and Pollux, 279 

Celestial distances, how determined, 396— 
406 

Celestial maps, 192 

Celestial objects, instruments for’ ob- 
taining magnified images of, 407-109 

Centaur, 2&1; nebulous stars in, 3d4. 
a Centauri, 11, 271; its distance from 
the Earth, 292; is the nearest of all 
the stars, ib.; its velocity of move- 
ment, 205; is a donble star, 301. 
& Centauri, 271; #wCentauri, star-clus- 
ter near, 319 

Centrifugal force, 23, 379, 303 

Cepheus, 278. 3 Cephei, changes of 
brightness in, 307 

Ceres, 187, 190,191 

Cetus, constellation in, 364 

Chacornac, M., on the spots and faculm 
oa the Sun, 31; on the brightness of 
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the zodiacal light, 75 n.; his ecliptic 
charts, 193, 272 n.; his discovery of 
eight telescopic planets, ib.; his esti- 
mate of the number of stars, 273 n. ; 
on variations in nebule, 361 n,. 

Chaldean shepherds the first astrono- 
mers, 1 

Charles the Fifth, comet of, 252 

Charles's Wain, 276 n., 277 

Chéseaux’s comet, 239 

Chromosphere, 47 

Chronometers, 407 

Circular nebulsx, 335 

Circumpolar stars, northern, 275 n.: 
southern, 288, 289 

Clairaut, M., his prediction of the re- 
appearance of Halley’s comet, 2453 

Clark, A., discovers a satellite of Sirius. 
302; his powerful refractor, 409 

Clocks, astronomical], 407 

Clouds, Great and Little, or Magellanic, 
289. See Magellanic Clouds 

Clytie, 191 

‘ Goal Sack,’ 327 

Coggia's comet, Mr. Huggins’ spectro- 
scopic examination of, 251] 

Coloured stars, 303-406 

Cometary nebulm, 337, 338 

Comet of 1769, 238 5 of 1811, 252, 253: 
of 1843, 255; of 1862, 255, 256; of 
1861, 258 

Comets, their elongated orbits, 7, 239; 
their aspect, 236; sometimes tailless, 
ib.; their heads, nucleus, and tails, 239; 
form part of the solar system, ib. ; 
inclination of their orbits, 240, 241; 
of short period, 247-251 ; elements of, 
248; of long period, 251-202; their 
number, 251; their velocity, 242 ; their 
visibility to the naked eye, 252-256: 
their physical constitution, 256 ; their 
light, 256, 259; possibility of the Harth 
coming in contact with, 259, 260; 
their mass, density, and light, 260; 
spectroscopic observations of, 261, 
202 

Conical nebule, 337 

Conjunction, superior and inferior, 57, 
176, 196, 209), 386 

Constellations, or groups of stars, 4, 
274-289; view of, how affected by 
change of latitude, 275 

Cooke and Sons, astronomical instru- 
ments manufactured by them, 410,418 

Copernicus, his astronomical discoveries, 
15 n., 22, 373 

Cornelius Gemma (comet of 1577), 235 

Corona, 46, 48, 156 

Corrugations, 32 

Crab nebula in Taurus, 319 
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‘Crooked Billet,’ the name given to the 
nebula in » Argis, 350 

Crucis, « and f, 271 

Curves described by the planets around 
the Sun, 9 

Cygnus, nebulous stars in, 854. G1 
Cygni, the first star whose distance 
from the Earth was determined, 2))1, 
292; its velocity, 205; is a double 
star, 301; distance between the two 
stars which compose it, ib. ; its weight, 
302 


D'Alembert, his researches in gravitae 
tion, 38d n. 

D'Arrest. M., on the common origin of 
the minor planets, 1&6; inquiry whie- 
ther the star discovered by him was 
that seen by Tycho Brahé in 1572. 311, 
$12; on variations in nebule, 361 n. 

D'Arrest’s comet, 248 

Daubrée, his collection of meteorites in 
the Natural History Museum of Paris, 
174 

Davis, Captain, measurement of sun- 
spots, 26 

Dawes, Rev. W. R.,. his researches in 
solar astronomy, 19, 25, 33, dt, 43; 
on Jupiter and its satellites, 203, 
207 n.; on Saturn and its rings, 214, 
218; the small power of his solar eye- 
piece, 419. Note by, 207 

Day. how produced, 381 

De La Rue, W., his researches in solar 
physics, 19; his labours in astrono- 
mical photography, as applied to the 
Sun, 44 n., 45, 50; on the Moon's 
angular diameter, 118; on the origin 
of Baily’s beads, 150; his drawing of 
Jupiter, 200 

De La Rue, Stewart, and Loewy, on sun- 
spots, 41 D. 

Denebola, 281 

Density of planets, 65, 89, 185, 202, 254 

Derham, Mr., on the brightness of the 
zotliacal light, 75 

Descartes, his theory cf the cause of 
tides, 386 

De Vico, observations of Venus, 70f. 7-4 

De Vico's comet, 244 

Digits, 155 

Dione, 220 

Direct movement of comets, 244 

Disks of stars, 261) 

Diurnal rotation, 225, 274, 277, 286 

Divided circles, 407, 4233 

Donati's comet, 250, 254, 255 

Doradus, nebula in, 347, 344) 

Dragon, the, 277, 278; nebula in, 362 

Drummond's oxyhydrogen lamp, 25 
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Dumb-bell nebula, 344, 315 
Dunkin, E., on the movement of the solar 
system through space, 297 


Earth, its movements of rotation and 
revolution, 8; proportion of the force 
of the Sun received by it, 10; its dis- 
tance from the Sun, 14; its satellite, 
82; its appearance as suspended in 
space, ib.; its spheroidal form, 84, 85 ; 
its dimensions, 87, 88; distribution of 
oceans and continents on its surface, 
88; its volume and weight, &&8, 89; 
density of its atmosphere, 89; its 
diurnal movement, or rotation, 8, 94- 
96; its revolution round the Sun, 
8, 94, 05, 98; difference between its 
sidereal and solar days, 95, 96; rapid- 
ity of its rotation varies with latitude, 
7; invariability of the position of the 
poles of rotation on its surface, ib.; 
length of revolution, 98; dimensions 
of its orbit, ib.; its velocity of move- 
ment, ib. ; its seasons, 102-107; its cli- 
mate, 100, 106, 107; its zones, 100, 197; 
its mass, 380; its attraction, 388; in- 
vestigations into its primitive fluid 
state, 392; its antiquity, 393; its dis- 
tance from the Moon, 398 

* Earthquake Phenomena,’ 130n., 135 n. 

Ebb, 385, 386, 988 

Eclipses, theory of, 146, 147; precision 
with which they are calculated by astro. 
nomers, 153, 163; of Jupiter’s satel- 
lites, 204; of Saturn’s satellites, 227 

Ecliptic, 9, 382 

EKeliptic charts, 103, 272, 273 

Kgeria, 189 

Ellipse, 240, 373 

Ellipticity of the Earth and otherplanets, 
85, 107, 208 

Elongated ellipses of comets, 239 

Emersions, 204 

Enceladus, 213, 220 

Encke’s comet of short period, 244, 247 ; 
acceleration of its revolution, and its 
probable consequence, 247, and note 

‘Encyclopedia Britannica, extracts from, 
49, 50, 307. 368 

Envelopes of comets, 259 

Equator, 391 

Equatorial, great, of Paris, 421 

Equatorial stars, 275 n. 

Equatorial zone, constellations in the, 
279, 280 

Equinox, 104 

Equinoxes, precession of the, 380 

Equinoxial spring-tides, 386 

Eridanus, 279 

Europa, 203 ; 
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Eurydice, 189 

Excentricity of comets, 241 
Exchanges, theory of, 42 
Eye-piece, 408 


Fabricius, his discovery of sun-spots, 22 

Facule on the surface of the Sun, 31 

Falling or shooting stars, 8 

Faye, M., on the researches on the 
fringes of earth-waves during eclipses, 
160; on attraction and repulsion, 
247 n., 259; his calculation of the 
mass of Donati’s comet, 260 

Fish-mouth nebula, 349; a good test 
object for star-observers, 418 

‘Fixed stars,’ the term now abandoned, 
4, 269, 274, 294 

Flattening at the poles of planets, 392 

Flint of object-glasses, 409 

Flood-tides, 385, 386 

Flora, 189 

Flow, 388 

Foci, 374 

Fomalhaut, 271 

Foucault, M. Leon, his silver-on-glass 
reflector, 412, 413 

Frankland, Dr., his researches into the 
nature of light, 42 n.; on the past 
history of the Moon, 141 

Fraunhofer, the first to apply Kirchhoff's 
law to the stars, 330 

Freia, 189 

Frigid or circumpolar zone, 107 

‘ Front-view’ reflector (Herschel’s form), 
413 


Galaxy. See Milky Way. 

Galileo discovers the phases of Venus, 
G7 n.; on the telescopic aspect of 
Saturn, 213; his discovery of the law 
of gravity, 372, 373, 578 

Galle, Dr., discovers Neptune in the 
place indicated by theory, 233 

Gambart’s or Biela’s comet, 247; its 
division into two, 248 

Ganymede, 203 

Gauges of the heavens, Sir W. Her- 
schel’s, 364 

Gaurisankar of the Himalayas, 65 

Gemini, nebulous stars in, 355 

Geology, its teachings, 392 

Giraffe, the, 278 

Goldschmidt, M., his observations and 
discovery of minor planets, 190; ofa 
companion of Sirius, 302 n.; his tele- 
scope one of small power, 414 

Granules or granulations, 32 

Gravitation, the universal law of, 380; 
ellipticity of orbits caused by, 383; 
the cause of tides, 388 
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Gravity on the surface of the Earth, 
377; law of the diminution of the 
force of, with incrensed distance, 379 ; 
effect of the Earth’s on the Moon, 
379, 380 

Great Bear, 276; its body, tail, and 
pointers, ib. 

Great Dog, 279 

Gregorian reflector, £10 

Gruithuisen, 135 n., 142 

Gyroscope, 413 


Halley, his method of observing the tran- 
sits of Venus, 401 n.; on utilising the 
transits of Venusto determine the Sun's 
paraliax, 404 n. 

Halley’s comet, 243; its return in 1759 
and 1835, ib.; 

Hansen, M., on the Sun's parallax, 
14 n.; on the conditions of the invi- 
sible side of the Moon, 141; suspects 
% more distant planet than Uranus, 
232 

Harding, Mr., his drawings of the 
Pleiades and Hyades, 314, 316 

Harkness, Mr., on the spectrum of the 
sun's corona, 49 

Heat, laws of, the same as those of light, 
60, 61 

Heavens, wonders of the, 1, 268, 274; 
structure of, 364 

Heights, measurement of, 401, 402 

Heis, M., of Munster, 75 n., 76 n.; his 
powers of sight, 271 n. 

Heliocentric longitude, 178 

Heliometers, 423 

Helmholtz, his theory as to the distri- 
bution of heat, 52 n., 98 

Henderson, Prof., on the parallax of the 
stars, 291 n. 

‘Hencoop,’ 315 

Hercules, supposed movement of the 
solar system to a point in, 296; ne- 
bula in, 363. » and % Herculis, star- 
cluster in, 319 

Herschel, Sir W., on solar physics, 26, 32, 
50, 51; on the diameter of Ceres, 191; 
on thetime of rotation of Jupiter, 197 n.; 
on the relative brightness of Jupiter's 
satellites, 207; discovers two satellites 
of Saturn, 213; on the rings of Sa- 
turn, 216: discovers Uranus, 227; his 
20-feet reflector, 273; his views of the 
structure and dimensions of the Milky 
Way, 364, 309; his gauges of the 
heavens, 364 

Herschel, Sir John, on the distance of 
the Earth from the Sun, 15 n.; his 
experiments on light, 24; on the struc- 
ture of the Sun, 34, 51; on Mars, 
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177; on the discovery of Neptune, 233; 
on a group of coloured stars in the 
Southern Cross, 805; on nebulm, 
335-830, 343, JL4, 847, 350, 358, 354, 
355; on the Magellanic Clouds, 359, 
360; on telescopic stars, 418 

Herschel, Alex., researches into the 
height, weight, and velocity of shvot 
ing stars, 170 . 

Herschel, Lieut., on the spectrum of the 
Sun's prominences, 46 

Herschelian reflector, 413 

Hesperides, 315 n. 

Hevelius, 15 n. 

Hich-water, 385 

Hind, J. R., on the colour of variable 
stars, 30) 
Hipparchus, the precession of the equi- 
noxes discovered by him, 142 n., 38v 
Hodgson, R., on a curious appearance 
seen in the Sun, 52 

Horizon, 275 

Huggins, Dr., his analysis by the spec- 
trum of sun-spots, 45, 47; of Tempel’s 
comet, 170; of comets, 261; of ne- 
bulw, 362 

Huggins and Miller, on the spectrum of 
a star in Corona Borealis, 312 

Humboldt, Baron, on the Sun's in- 
fluence on the Earth, 53; on the 
zodiacal light, 75, 80; on the struc- 
ture of the Moon, 135, 138; on 
the number and height of shooting. 
stars, 165, 170; on the absence of 
scintillation of stars in tropical re- 
gions, 268; on the visibility of stars, 
272; on changes to be effected by the 
Sun's motion through space, 297; on 
the trapezium of Orion, 299; on the 
Milky Way, 328; on the Magellanic 
Clouds, 340, 360 

Huyghens, his explanation of tlie rings 
of Saturn, 213, 216; his discovery of 
the great nebula in 6 Orionis, 333 n. 

Hyperbola, 241 

Hyades, 279, 315 

Hydrogen, absence of, in some stars, 3:3] 

Hyperion, 220 


Ideal views of the phases of Saturn, 
223, Qt, 225, 226 

Il Signor Astone (Comet of 1500), 252 

Immersion, 204 

Innccessible points, how to measure the 
distance of, 306-401 ncn 

Incandescence, 38; of the primitive 
Earth, 392 

Incandescent gas, 44 

To, 203 

Irradiation, 69 
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Janssen, M.. his spectroscopic observa- 
tions during the eclipse of August 
1868, 403 succeeds in seeing the solar 
prominences when the Sun is not 
eclipsed, 40 

Japetus, 220 

Jones, Mr., on the zodiacal light, 75 n., 
76 n. 

Jordano Bruno, on the movement of 
rotation of the Sun, 22 

Juno, 190 

Jupiter, the largest of the planets, 195 ; 
its distance from the Earth and Sun, 
195, 196; its orbit, 196; its real and 
apparent dimensions, ib.; its dimen- 
sion compared with that of the Earth, 
197; its ellipticity, ib.; its movement 
of rotation, 197, 198; its days and 
nights, 199; its years and seasons, 118, 
200; its physical constitution, ib.; its 
dark and light belts, 201; its mass 
and density, 202; its atmosphere, ib.; 
its four satellites or moons, 195, 203, 
eclipses of its satellites, 205, 206; 
elements of its satellites, 206; dimen- 
sions, volume, and brightness of its 
satellites, 206, 207 


Kaiser, on the day of Mars, 184 n. 

Kepler, his laws of the universe, 8, 208 n. 
247 n., 375, 399, 400; on the distance 
of the Sun from the Earth, 15 n.; on 
the rotation of the Sun, 22; suspects 
the existence of a planet between 
Mars and Jupiter, 186; on the infinite 
number of comets, 251 

Kitchener, Mr., on the visibility of the 
companion of Rigel, 417 

Kirchhoff, M., his hypothesis of the phy- 
sical constitution of the Sun, 41, 330 

Knott and Baxendell, their observations 
of variable stars, 309 n. 


Lacaille, M., on the distance of the Sun 
from the Earth, 15 n. 

Lalande, M., on the derivation of the 
word ‘ Pleiades,’ 315 n. 

Lambert, M., his calculation of the 
number of comets, 251 n.; on the 
possibility of a comet coming in con- 
tact with the Karth, 259, 260 

Laplace, M., his hypothesis of the origin 
of the solar system, 66, 393-395; on the 
invisible portion of the Moon, 144; 
on the distribution of Saturn’s rings, 
216, 304; on gravitation, 383 

Lassell, W., his Saturnian discoveries, 
214; re-discovery of the satellites of 
Uranus, 230 n.; discovers a seventh 
star in 4 Orionis, 299 
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Laussedat, M., on a singular phenome- 
non in the total solar eclipse in 1860, 
137,155; on the effect of a total eclipse 
on plants, 160 

Laussedat and Mannheim, MM., on 
fringes of light in solar eclipses, 160 n. 

Lespiault, M., on the dimensions of 
asteroids, 191 

Le Verrier, M., on the Sun’s parallax, 
12n.; on the identity of the orbit 
of the November meteors and that of 
Tempel’s comet, 170; on the possible 
number of the minor planets, 192; the 
discovery of Neptune through his ob- 
servations of the perturbations of 
Uranus, 232 

Liapounov, M., observations on the pos- 
sible changes in the great nebula in 
Orion, 346, 349 n. 

Libration, 121 

Limbs of the Sun, 20 

Light, velocity of, 15 

Light-curve, 309 n. 

Lindsay, Lord, his photographic views, 
obtained during the sun's eclipse, 44), 
50 

Lion, the, 271, 280, 281; spiral nebula 
in, 841, 344. w« Leonis, the radiant 
pont of the November meteors, 166, 

G7 

Lion’s Heart, 281 

Little Bear, 277 

Little Dog, 279 

Lockyer, J. N., sun-spots observed by 
him, 33 ; his spectroscopic observations 
of the prominences of the Sun, 46, 47 ; 
his observations of Mars, 180; his obser- 
vations of Titan, 227. Insertions and 
annotations throughout the work. 

Lohrman, M., his researches in lunar 
astronomy, 135 n. 

Luminous bands, 132 

Lunar astronomy, 146 

Lunar craters and mountains, 
133 

Lunar eclipses, conditions of possibility 
and visibility, 160, 161; partial and 
total, 161, 162; penumbral, 162 n.; 
colour of the disk during, 162, 163; 
Sun and Moon sometimes both visible 
in, 168; periodicity of, ib.; accurate 
calculations of, 163, 164 

Lunar month, or lunation, 113, 114 

Lunar parallax, 398 

Lunar phases, 384 

Lunar topography, 134 

Luni-solar action on tides, 390 

Lynx, the, 278 

Lyre, 283; nebula in, 336. « Lyrae, its 
distance from the Earth, 291 
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Madler, on the flattening of the poles of 
Uranus, 228 See Beer and Midler 
Magellanic Clouds, their position in the 
southern sky, 289, 357, 358; their di- 
vision into Great and Small Clouds, 
307; their apparent dimensions and 

physical structure, 357-360 

Major axis, 373 

Magnifiers, 407 

Mairan, M., 75, 79, 80 

Mallet, Mr.. on the surface of the Earth, 
130 n., 135n. 

Man, power of, 1 

Marius Simon, his observations of the 
great nebula in Andromeda, 333 n. 

Mars, the first of the exterior planets, 
175; its movement round the Sun, 
175,176; its orbitand phases, 176, 177, 
178 ; in opposition, 176; its gibbous 
appearance, 177: its distance from 
the Earth, ib.; its rate of motion, 178 ; 
its apparent and real diameters, ib.; 
its surface, 179; its mass, ib.; its phy- 
sical constitution, ib.; its reddish ap- 
pearance, ih.; its snow-zones, 179, 
182; its rotation and atmosphere, 
180; theories as to its colour, 181, 
182; its temperature and meteoro- 
logy, 183, 184; its days, years, and 
axis of rotation, 184, 185; its seasons, 
185; its form, density, and mass, ib. ; 
its force of gravity, ib. 

Maskelyne, Dr., his classification of 
meteorites, 172 

Mass of planets, 65, 185, 202, 209, 380; 
of the Sun, 263, 380 

Massilia, 188 

Maupertuis, on the effect of a possible 
contact of a comet with the Earth, 
259, 260; his hypothesis that all suns 
are not spheres, 308 n. 

Maximiliana, 188, 180 

Maxwell, J. C., on the nature of the 
rings of Saturn, 216 

Mayer, M., 98, 142 n. 

Mean level of the sea, 387 

Mean time, 96 

Measurement of distances of inaccessible 
objects, 400, et seq. 

Mercury, transits of, 25; the nearest 
planet to the Sun, 55; congidered by 
the ancients to be two distinct stars, 
ib.; its apparent movement, ib.; its 
phases, 56; length of its revolution 
round the Sun, 58; its elliptic 
orbit, ib.; its distance from the 
Sun and Earth, ib.; its velocity, ib. ; 
its form and its dimensions, 98, 
59; its transit across the Sun’s disk, 
59, GO; its intensity of light and heat, 
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61; its elongated orbit, ib. ; its atmo- 
sphere, 61, 62; length of its day and 
night, 62, 63 ; its seasons and climate, 
63; its equatorial belts, G4; its moun. 
tains and volcanoes, U4, 65; its mass 
and density, 65 ; force of its gravity, ib. 


' Meridian, 95 n. 


Mexico, extensive crevasse in, 133 n. 

Merz, excellence of the astronomical 
aoe manufactured at, 109, 
410 

Meteoric rings, the, 165-175 

Meteoric iron, masses of, 17:3 

Meteors, their position in the solar 
system, 8; sporadic, 164 ee Shooting 
stars); luminous (see Bolides), 171 

Meteorites, 8; theory as to their func- 
tion in the continuance of solar heat, 
52n.; classification of, 172; microseo- 
pical examination of, and result, 172, 
173; collection of, in museums, 173, 
v4 

Micrometers, 11, 405, 423 

Milky Way, its general aspect, 2, 3, 2733, 
$17,322, 327; charts of, 317; its course 
through the northern and southern 
constellations, 322-327, 364; its re- 
solvability into stars and star-clusters, 
328; some portions of it unfathom- 
able, ib.; the position of the solar 
system in it, 3, 364, 365; its dimen- 
sions, 366 

Miller and Huggins, their labours in 
spectrum analysis, 331. See Hug- 
gins 

Mimas, 213, 220 

Mira Ceti (¢ Ceti), 285; periodical varia- 
tion in its brilliancy, 3806, 307 

Mirrors, 410; Herschel’s, ib,; Fou- 
cault’s, 413 

Mitscherlich, M., his experiments on 
the metallic vapours on the solar sur- 
face, 40, 41 n. 

Moon, its phases, 109, 110, 111, 1138, 145, 
146; its movement round the Earth, 
114; length of lunation, ib.; its distance 
from the Earth, 116, 396-398 ; its di- 
mensions, 117, 118; its angular dia- 
meter, 117, 118; its rotation, 120; its 
aspect to the naked eye, 121; its maria, 
or seas, 122, 125; its mountains and 
mountain chains, 125, 126-129; vol- 
canic character of its mountains, 126, 
127; its walled plains and craters, 
131-134; its luminous bands, 132; 
its rilles, 192, 135; absence of air and 
water on its surface, 130 ; the presence 
of an atmosphere doubtful, 136, 137; its 
past history, 141; hypothesis of its hav- 
ing passed through a glacial epoch, 141, 
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142; its climate, 142, 148; its days, 
nights, and seasons, 143, 145; its li- 
bration, 143, 144; extent of the vi- 
sible and invisible portions of it, 144; 
question as to the existence of living 
and organised beings on its surface, 
144; the Earth as seen from it, 145; 
path of its shadow on the Earth, 152, 
153; its effects on tides, 388 

Moons, number of, revolving round the 
principal planets, 7 

Mountains, lunar, 126, 131 

ae the common law of all bodies, 
204 

Mural circles, 419 


Nadir, 888 

Nasmyth, Mr., his comparison of the 
pores in the surface of the Sun to 
willow-leaves, 38; his drawings of the 
mountains of the Moon, 127, 128; on 
the luminous bands, 132 

Navigators, utility to, of the calculations 
of occultations of stars, ] 64 

Neap.-tides, 386 

Nebule, 3, 236 n., 316; their vast num- 
ber, 338 ; their distribution in the starry 
vault, 334; their forms: circular, ellip- 
tical, and annular, 335, 336; conical or 
cometary, 337; spiral, 339, 340; ofirre- 
gular form, 342 ; Dumb-bell, 343, 344, 
345; planetary, 353-356 ; intensity of 
their light, $53; their physical consti- 
tution, 359-363; spectroscopic obser- 
vations of, 362; are said to be enor- 
mous gaseous systems, 363 

Nebule, double, 356, 357 

Nebuls, multiple, 356, 357; 
Great Magellanic Cloud, 357 

Nebulous stars, 354, 355 

Neptune, history of its discovery, 232; 
its orbit and velocity, 238; its dis- 
tance from the Earth, ib.; its ap- 
parent and renl dimensions, ib.; its 
satellite, 234; its volume, density, and 
force of gravity, ib. 

Newton, Mr., researches into the num- 
ber of meteors, 166 

Newton, Sir Isaac. his theory of gravita- 
tion, 378, 379, 380, 384 

Newtonian reflector, 410 

Noble, Capt., sun-spot with facul, 
32 


in the 


Nodes, ascending and descending, 149 

Northern Corona, 281 

Nubecula, Major and Minor. See Ma- 
gellanic Clouds. 

pucens of comets, 236; of the Sun, 24, 


Nutation, 382; effect of, $83, 394 
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Oberon, 231 

Object-glass, 408 

Observatories, their instruments, 407 

Occultations of stars, Lit 

Olbers,Dr., discovers Pallas and Vesta,187 

Olbers’ comet, 251 

Ophiuchus, 281 

Opposition, 163, 177, 106, 209, 386 

Orbits of planets, 8, 9, et passim 

Orion, 277, 280; trapezium of, 299; 52 
Orionis an eligible test- star for ob- 
servers, 417. a Orionis, spectruin of, 
331; éOrionis, great nebula in, 33, 33:5 
n., 350, 351, 415 

Oval nebule, 335 


Pallas, 187, 191 

Parabola, 240 

Parallax of the Sun, how determined, 
397; of the stars, 405 

Paris Observatorv, 419, 421 

Pastorff, M., on sun-spots, 29, 30 

Pegasus, spiral nebula in, 341. 6 Pegasi, 
spectrum of, 331 

Penumbra, 24, 33, 37, 147, 161, 162 

Perigee of Moon, 115 

Perihelion, 61 n., 66, 178 

Perseus, 278; nebulain, 354, 362. » Per- 
sei, the radiant point of the meteors 
in August, 166, 167 

Perturbations of planets, 232, 384 

Peters, M., on the identity of the orbit of 
the meteors with that of Tempel’s co- 
met, 169,170; on the parallax of stars, 
291 n.; on the orbit of the unknown 
satellite of Sirius, 302 

Petit, M. 38 n., 172 

Phillips, Prof., on faculse: in the Sun’s 
surface, 31; on the height of the pe- 
numbra, 38 n.; on the possible snow- 
zones in Venus, 74; on the meteoro- 
logy of Mars, 184 

Photography, solar, 32; results from, 
in the observation of eclipses, 59,. 
40; lunar, 117 . 

Photosphere, 36 

Piazzi, his discovery of Ceres, 187 

Pierce, on the rings of Saturn, 216 

‘Pilgrim,’ the temporary star of 1572, 
311 

Pisces, planetary nebula in, 353; con- 
stellation in, 364 

Plane-curve, 373 

Plane of the ecliptic, 9, 382; of the 
Moon’s orbit, 150 

Planets, movements of, 4, 5, 54, 230; 
their velocity, 5; their number, 7 ;. 
their division into smaller, larger, mi- 
nor, 7, 186; form, 8; direction of rnove- 
ments of rotation and revolution, ib. > 
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inclination of the planes of their 
orbits, 9; diversities of their condi- 
tion, 108; occultations of, 164; ex- 
terior or superior, and inferior, 175; 
telescopic, 186; ultra-zodiacal, 188 n.; 
elements of their orbits, 374, 375; 
Laplace's theory respecting 392-396 

eral perturbations, law of, 2:32, 

Planetary system. See Solar System. 

Plateau, M., physical experiments Dy, 

« ua, 395 n. 

Pleiades, 279; supposed to be the centre 
of the movement of the solar system, 
207; a star-group, 314: number of 
Stars visible in it to the naked eye, 
314,315; names of the principal stars, 
315; called by the ancients Hespe- 
rides and Atlantides, 315 n. 

Pole-star, 276, 277; how affected by the 
precession of the equinoxes, 3&2; not 
always the same star, ib. 

Polaris, its distance from the Earth, 202 ; 
its velocity throngh space, 295 

Polarisation of light, 41 

Polariscope, 38 n. 

Pollux, 271 

Polyhymnia, orbit of, 241 

Pons's comet, 248 

Pores, or luminous masses on the sur- 
face of the Sun, 32 

Poulin, M., on fringes of light in solar 
eclipses, 160 n. 

Presepe, 315 

Precession of the equinoxes, 3& 

Primitive state of the planets, 197, 304 

Prism, its teachings as to the nature of 
a beam of light, 329 

Troctor, R. A., on the day of Mars, 184 n.; 
on the inclination of the axis of Sa- 
turn’s orbit,210; hypothesis of the con- 
stitution of the mass of Saturn, 216 ; 
on the frequent occurrence of eclipses 
in Saturn, 224, 225; on the condi- 
tions of habitability of Saturn, 225; 
on recent measurements of stars, 292 ; 
his views of star-drift confirmed by 
the spectrum, 298; on the present 
state of sidereal astronomy, 367, 308 
Insertions and annotations, passim 

J’rocyon, 27], 281 : 

I’vominences visible without tifere being 
a solar eclipse, 46-49; seen during 
solar eclipses, 155, 156; their shape 
and height, 156 

Ptolemy, crater of, 129 


Quadratures, tides of the, 386 


Radiant points of the meteors, 166-168 
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Radii vectores, 373 

Ram, the, 270 

Rays, 329 

Reflectors, 273, 407, 410-114 

Refraction, 163 

Refractors, 273, 407, 408; Alvan Clark's, 
409; Cooke and Sons’, ib. 

Regulas, 271 - 

Respighi, results of his researches into 
the nature of solar prominences, 48 

Retrograde movement of comets, 241 

Revolution, movement of, in bodies con- 
stituting the solar system, 8, !) 

Rhea, 221 

Rigel, 271 : visibility of companion of,417 

Rilles, 130, 184, 135 

Rice-grains, 32 

Rings of Saturn, their discovery, 213; 
explanation of the theory of, ib.; the 
division of the, 213, 216; their dimen- 
sions, 216; hypotheses as to their con- 
stitution, 218, 219, 304; their disap- 
pearance, 220; eclipses caused by, 224, 
925, B04, 305 

tuseve, Prof., on the variations of in. 

tensity of the Sun's chemical rays, 50 

Rosse, Lord, his magnificent telescope, 
370, 413; its revelations in sebalet 
astronomy, 336, 337, 339, 340, 341, 
345, B40, SOL, BSD 

Rotation of bodies constituting the solar 
system, &, 0 


Sabine, Major-General, his researches 
into terrestrial magnetism, 52 

Satellites, or tertiary bodies, theory as 
to their origin, 394. ‘See Moons, and 
planets. 

Saturn, its unique planetary appearance, 
207; its distance from the Sun and 
Karth, 208; its ellipticity, 208, 200; 
its velocity, ib.; its mass and volume, 
20), 210; its movements of rotation 
and revolution, 210; its days, nights, 
and seasons, 210, 21], 212; its rings 
and their rotation, 213,218; its lumi- 
nous points, 219; its satellites, 220, 
226; celestial phenomenaas seen from, 
222, 223; its atmosphere, 222; its 
frequent eclipses, 224, 225 

Schiaparelli, M., on the identity of the 
orbit of meteors with that of ‘'empel's 
comet, 168, 160 

Schmidt, Dr., his labours in lunar as- 
tronomy, 135n., 146n.; on the tele- 
scopic appearance of a luminous me- 
teor, 172 

Schréter, his measurement of a sun- 
spot, 26; on the crescent of Mercury, 
G4, 65; on the time of rotation of 


FF 


454 


Venus, 70n.; on the craters of the 
Moon, 135 n. 

Schwabe, of Dessau, on the connexion 
between terrestrial magnetism and 
sun-spots, 19, 52 

Scorpio, 281; star-cluster in, 321 

Sea, density of, 391 

Seasons, 105 

Secchi, Father, his spectroscopical in- 
vestigations into the nature of sun- 
spots, 42, 51; on the companion of 
Sirius, 302; on the change of form of 
the great nebula in Orion, 350 

Serpent, the, 281 

Shooting-stars, theories as to their cos- 
mica] nature, 164, 166, 167; numbers 
of, variable according to time of year, 
164, 165; why called ‘St. Lawrence's 
tears, 165; remarkable displays of 
them, 1065, 166; their brilliancy and 
colour, 166; their radiant points, 166, 
167; the period of their orbit, 168, 
169; their orbit identified with that of 
Tempel’s comet, 169; their heights, 
time of flight, velocity, and weight, 170 

Sidereal astronomy, present state of, 307, 
368 

Sidereal chromatics, 303, 304 

Sidereal hour and day, 95 

Sidereal revolution, 58 n. 

ca system, variety of its structure, 
36 

Sirlus, 269, 271, 292, 203, 295 ; discovery 
of a satellite of, 302; changes in its 
colour, 805 

Smyth, Admiral, 74, 128, 257. 417 

Sobieski's shield, nebula in, 345 

Solar atmosphere, metallic vapours with 
which it is charged, £0 

Solar currents and cyclones, 38, 42, 
43 

Solar eclipses, total,partial, and annular, 
150; when visible and when invisible, 
at certain places, 150, 15]; of July 18, 
1860, 153; importance to the astrono- 
mers of total, 154, 155; Baily’s beads, 
155; corona, 156; prominences,156,157; 
colour of terrestrial objects during, 
157; their influence on animals and 
vegetables, 157-160 

Solar heat, intensity of, 14, 51, 52; in 
what manner affected by sun-spots, 
52; theory as to its permanence, ib. 

Solar light, theories respecting, 14, 51 

Solar parallax, 14 n., 399-105 

Solar prominences observed during 
eclipses, 46-18 ; spectroscopic analysis 
of, 47; visibility of, without there be- 
ing an eclipse, 47 

Solar spectrum, 48 


INDEX. 


Solar spots, variations in their number, 
form, and relative position, 19-26; 
observers of, 19; prove the move- 
ment of rotation of the Sun, 23, 24; 
their umbre and penumbra, 24, 25; 
their luminous bridges, 25; their di- 
mensions, 26; their proper motion, 29, 
43, 44; changes in their form, 330, 43; 
explanation of, by Wilson, 36, 37 

Solar system, its structure, 4; move- 
ment through space, 5, 295, 206; 
bodies constituting the, 7, 8; move- 
ments of rotation and revolution, 8; 
laws governing the, 93; general sur- 
vey of, 262, 263; point to which it is 
travelling through space, 290, 297; 
Laplace’s theory of the origin of, 393 ; 
originally a nebula, 304 

Solar tides, 389, 390 

Solar time, 95, 96 

Solstices, 105, 386 

Sound, rate at which it travels, 15, 16 

Southern Cross, 287; star-cluster in, 
322 

Southern zone, constellations in the, 282, 
287 

Spectroscope, experiments with the, 4() 

Spectrum analysis, its teachings as to the 
physical constitution of the Sun, 
planets, and nebulx, 40, 329-332 

Speculum, 408 

Spencer, H. his hypothesis of the physical 
constitution of the Sun, 42, 44, 45 

Spica, 271, 281 

Spider ‘ wires,’ 420 

Spiral nebule, 339-341 

Spring, 105 

Spring-tides, 385 

Star-clusters, globular and spherical 
form of, 318; immense nuniber of 
stars contained in them, 318-322 

Star-groups, 314-317 

Stars, their glory and beauty, 2; their 
distribution in the firmament, ib.; 
fixed (so called), 4, 269; wandering, 
4, 269; clusters of, £; falling or shoot- 
ing, 8, 164; occultation of, 164; their 
scintillation, 268; the dimensions of 
their diameters not appreciable, 260 ; 
how distinguished from planets, ib.; 
degrees of their brightness, 269, 270; 
apparent fixity of their relative dis- 
tances, 269; their division into magni- 
tudes, 270; number of, visible to the 
naked eye, 271; approximate number 
of, visible by telescopes, 273; are suns 
and centres of systems, 290, 293; 
their distances from the Earth, 120; 
are not immovable in space, 294; 
measure of their proper motions, 294, 
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295; change in colour, 305; their 
chemical constitution, 328-331 

Stars, double or binary, 298-301: mul- 
tiple, 302, 303; coloured, 303~306 ; 
variable, 306-310; temporary, new, 
and lost, 310-313 

Stellar parallax, 105 

Stewart, B., his hypothesis as to the vari- 
ation of brilliancy in stars, 308. Note 
by, 44 

Stone, E, J.. observations of Mars, 12 n. 

Stratification, presence of, in the lunar 
mountains, 12!) 

Struve, 0., his researches in Uranus, 
228; on the parallax of stars, 291 n.: 
on the changes in the nebula of 
Orion, 350 

Struve, F., on the colours of the double 
and multiple stars, 304; on the motion 
of double stars round an axis of rota- 
tion, 309 

Sturm, J. C., his comet of 1680, 239) 

Sunimer, 105 

Sun, the, a star in the Milky Way, 3; 
the centre and source of the solar 
system, 7, 10, 53, 54, 99; bodies re- 
volving round it, 7, 8; its form, 11; 
intensity of its light and heat, 11, 40, 
51; its apparent dimensions, 12, 18; 
its distance from the Earth, li, 16; 
its surface and volume, 16, 173 its 
weight, 18; observations of its sur- 
face, 19; its spots (see Solar spots) 3 
19-34; its movement of rotation and 
revolution, 22; theories as to the eon- 
stitution of its surface, 23, 36,005; its 
eiurrents, 23, 243; facula, 32; pores, 
32, 33; prominences seen during 
eclipses of, 45,46; its chromosphere, 
47; intensity of its light and its 
habitability, 52; its distances caleu- 
lated from observations of transits of 

Venus, 72; comparative dimensions 
of it, the planets. and their satellites, 
263; its mass, 263,378; elements in 
the, 331 n.; hypothesis as to its pri- 
Mitive state, 34°} 

Sunbeam, analysis of, 3329 

Syzygies, tides of the, 149, 386 


Tails of comets, 236, 239, 261 

Taurus, nebula in, 345, 361 ® 

Telescopes, 11, 218, 270, 273; their illu- 
minating and magnifying powers, 407- 
409; test-stars for trying the powers 
of, 414, 415,418; directions for nsing, 
418, 419 

Tempel’s comet, its orbit identified with 
that of the meteors, 169; its elements, 
201 
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Temperate zone, 107 

Temperature of the Eartl’s strata, 31 

Temporary star of 1604, 312 

Tennant, Major, on the eclipse of Au- 
gust 1868, 406; his photographic views 
of the sun’s corona, 30 

‘Terminator, G2, 125 

Terrestrial magnetism, 19, 51, 52 

Test-stars for telescopes, £15, 418 

Tethys, 220 

Theodolite, 3306 

Thomson, Prof., on the permanenee of 
the solar heat, 52 

Tides, produced by the law of cravita- 
tion, 384-391; their inequality in 
different seas and oceans, 387 

Titania, 231 

Titius, his formulw as to the distance of 
planets, 186, 187 

Tornd zone, 107 

‘Toucan, star-eluster in, 320, 321, 359 

Transit instruments, 411), 420 

Transits of Venus of 1761 and 1769, the 
Sun's parallax deduced from, 73; of 
Ts74 and 1882, 400, 402, 40:3 

Triangulation, method of, to determine 
distances, 404 n. 

Twilight, 90 

Twins, 275; star-cluster in, $20 (frontis- 
piece) 


Umbra, lunar, 149, 161 

Umbree in snin-spots, 24 

Umbriel, 231 

Universe, the, structure of, 2, 35 its in- 
finity, 3, 293, 304-30 

Uranus, its discovery by Sir W. Here 
schel, 185, 227 5 its elliptical orbit, 
and time of revolution round the 
Sun, 228; its distance from the Sun 
and Earth, ib. ; its apparent aud 
real dimensions, ib.; its satelfites, 
Sn., 229, 230; its mass, density, and 
force of gravity, 230; observations 
of its perturbations lead to the dis- 
covery of Neptune, 232 

Ursa Major, planetary nebula in, 397, 
s Urs Majoris, its distance from the 
Earth, 292; § Ursa Majoris, 300 


Vega in Lyra, intensity of its light, 10, 
271, 283; its distance from the Earth, 
292; its velocity, 295 

Velocity of the fall of heavy bodies, 
881 

Venus, its circular orbit, 66; its dis. 
tance from the Sun anid Earth, 66, 
G&; its apparent and renal movements, 
ib.; names given to it by the ancients, 
G73 its synodic and sidereal revolnu- 
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tion, ib.; its velocity, ib.; its size, 
68; the period of its rotation, 70 ; 
its surface, 71; its mountains, ib. ; 
its atmosphere, 72; its days and 
nights, ib.; its transits, ib.; its sen- 
sons and climates, 72, 75; its mass, 
73‘; its force of gravity, 73, 74; its 
possible possession of a moon, 74; 
its transits utilised in ascertaining the 
solar parallax, 400-403 

Vernal equinox, 386 

Vesta, 187, 189, 190 

Virgo, spiral nebula in, 341); nebule in, 
356. yy Virginis, 300 

Volcanoes a proof of the Earth’s primi- 
tive incandescent state, 302 


Wandering stars. Sce Planets 

Webb, T. W., on the snow-zones in 
Venus, 74; his labours in lunar ap- 
tronomy, 122, 146; on the positions 
of the belts of Jupiter, 202. Notes 
by, 126, 120, 182, 185, 137, 138, 
142 : 

Westphal’s comet, 248 

Weight of Sun and planets, how ob- 
tained, 379 

‘Whale, the, 280 

Willow-leaves, 32 
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Wilson, A., his theory as to the phgsical 
constitution of the Sun, 36 “¢ 

Winnecke's comet, 248 

Winter, 105 

Wolf, Dr., of Zurich, on sun-spots, 19; 
on the connexion between sun-spots 
and terrestrial magnetism, 2 

Wollaston, Dr., on the light of the Sun, 
1]; asingular appearance of asun-spot, 
30; on the comparative brightness of 
the Sun and Moon, 51 

Wray, T., his Saturnian researches, 2]4, 
216,218 , 


Years, length of, 98, 99; tropical, 381, 
382; sidereal, 382 

Young, Prof., on the spectroscopic ap- 
pearance of sun-spots, 42; on the 
spectrum of the sun’s prominences, 
47, 49 


Zach, Baron de, hts elements of a sup- 
posed planet between Mars and Jupi- 
ter, 187 ° ' . 

Zenith, 276, 277, 278, 388 

Zodiac, 1), 242 

Zodiacal light, 74-80, 224, 247 n. 

Zillner, Dr., researches into the nature 
of the solar prominences, 18 
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